US010358333B2

a2y United States Patent (10) Patent No.: US 10,358,333 B2

Luo 45) Date of Patent: Jul. 23, 2019
(54) INTEGRATED ALCOHOLIC BEVERAGE (56) References Cited
FRESH-KEEPING BARREL SYSTEM |
U.S. PATENT DOCUMENTS
(71)  Applicant: gmg’ﬁ’ dMﬁf'r ]]3 raghB..eer Ef,l“lp.me“t 4,921,135 A *  5/1990 Pleet oovvvverrroevrrrronren. B67B 7/26
0., ., Ningbo, Zhejiang Province 299/105
(CN) 6,105,825 A * 82000 GOmMi .....ccovrroo... B67D 1/0832
222/146.6
(72) Inventor: Bangcai Luo, Ningbo (CN) (Continued)
0., :
CN 101670997 A 3/2010
(*) Notice: Subject to any disclaimer, the term of this CN 102153040 A 8/2011
patent 1s extended or adjusted under 35 (Continued)
U.S.C. 154(b) by 0 days.
OTHER PUBLICATIONS
(21) Appl. No.: 15/752,504
| International Search Report for corresponding PCT Application No.
(22) PCT Filed: Nov. 12, 2015 PCT/CN2015/094385 dated Jul. 28, 2016.
(86) PCT No.: PCT/CN2015/094385 Primary Examiner — Vishal Pancholi
$ 371 (c)(1), (74) Attomeyi Agent, or Firm — Wood, Phillips, Katz,
(2) Date: Feb. 13, 2018 Clark & Mortimer
(87) PCT Pub. No.: WO2017/067030 (57) ABSTRACT
PCT Pub. Date: Apr. 27, 2017 An integrated alcoholic beverage fresh-keeping barrel sys-
| | ’ tem, comprising a housing, and an inner container, wherein
(65) Prior Publication Data the inner container 1s divided into two layers, and compﬂses
a gas storage tank located at the upper layer for storing gas
US 2018/02372382 Al Aug. 23, 2018 and an alcoholic beverage barrel located at the lower layer
_ o o for storing a liquid beverage; the gas storage tank and the
(30) Foreign Application Priority Data alcoholic beverage barrel are coaxially arranged one above
the other; a gas channel that can be opened and closed 1s
gct‘ %}’ 3812 (gﬁ) """""""""""" 20%2125 018?2?2363 provided between the gas storage tank and the alcoholic
“heoeh O beverage barrel; the alcoholic beverage barrel 1s provided
with a iquid outlet end and an outtlow liquid channel Tor
(51) Int.Cl ith a liquad outl d and flow liquid ch 1 1
B 6-71) 1 04 (2006.01) opening and closing the liquid outlet end; a control system
1S provided above the gas storage tank; the control system
(52) US. Cl ' 1s provided ab he g ge tank; th 1 sy
oo controls the opening and closing of the gas channel, and
C.PC ............... s e B67D 1/04 (2013.01) performs linkage control on the opening and closing of the
(58) gls(l:d of Classification Search e 104 outflow liquid channel.

16 Claims, 18 Drawing Sheets




US 10,358,333 B2
Page 2

(58) Field of Classification Search

USPC

222/55, 95, 193, 386.5, 399, 400.7

See application file for complete search history.

(56)

7,753,239 B2 *

2003/0062383 Al
2004/0134939 Al*

2008/0142553 Al*
2013/0313290 Al*

2015/0239600 Al*

References Cited

U.S. PATENT DOCUMENTS

7/2010 Chang .................. B67D 1/0462
222/105

4/2003 Meike et al.
7/2004 wvan der Klaauw .. B67D 1/0829
222/400.7
6/2008 Lassen .........oou.... B67D 1/0412
222/399
11/2013 Lassen ................. B67D 1/0412
222/399
8/2015 Patel .................. B65D 21/0228
215/6

FOREIGN PATENT DOCUM
CN 20226398 U 6/2012
CN 205035008 U 2/2016
DE 202005012157 U1 9/2006
WO 2006029626 Al 3/2006

* cited by examiner

ENTTS



U.S. Paten Jul. 23, 2019 Sheet 1 of 18

5001 &0

AR AR AR
Lqi
N
a
-

N

T
L |
-

AT L

*
-

ta

+
ke i u'“\:-m

5 .
f i RN

. v " _r o ra
3 s IRV L R T e
- - -
.“ k) ' _-"3_‘.. * - .: . L
. “I-:"‘ r . ;1.. .i':k" ' :l al
"\ '*..,.‘- .:‘__._""‘ W " [ L]
A - i ,:.-r* -
4 PRGN
-'\J":- -"'"'T:-
‘." 1-":' "
'll‘-,:‘ '.'-."\I-
-
I‘.."‘b {!":'h
L -*-
,._"l. e :ll\

)

AR L L T R Y N N T,
LY

b arm
-

et ST

ala
i

e, -
it
—y

v

e r..“;,*.,‘_ T
w0 o, . - i
A Ty .{-"‘\H’q.:{ v m -.rq.'-"-l'q‘l"i-f"a’ T i',q' ".n.‘-":a-'l-

"1‘ T AN --I-I._n!:‘%\ﬁ _"'..."p

I LS o e ey i -t
N I A A LA S
thy 1:3"* "":":*l"l '::'.""-r"-"a'-‘-u' e o e R ‘-.'n,:-_...‘:" =

pith A T et e
'm‘i"-l-i ..:."-‘}5:“- PR M - -u‘_i"ﬁ':‘l."':}."‘ﬂ

Tema . PARREL e i
b e e T e e S S L -'l:pl::.!l A

S e R B U N

N ““‘#‘:‘h h‘-n'-r-'w‘-r Hrm:'#""" - :

L%
A
. WL L
- .
L o T I L B .

~ o
faae LY

-
L ]
A

v e e T

s

- by, nprgalagbasty Lyr + - 1-'-:“"

- . s
R e
1 T2 -
‘ “.:“- : -"'- =\- * 1‘.-*- - l%“ ] *
o T “ T "h_.“'!."hl‘_-.,."ll"l\-.,.-r_-"l"'f‘1 . ) “‘1:-"1:‘_1'“}:51",“.
‘h' 'ﬂ“v"‘ll. e ‘T\-"u" * ""t"t"h":"'-._' E ] % g gy :"\“3*" ™ X
1"1 !"r! - “‘ ‘r..‘!lrl "':H‘r -‘-hrq P - '._-""r
[ e Y et W Y i T e
i TR PR,
. Ly By B B, -

a5
giCl

H"ﬂ;ﬂ',: E"""#A
-l"i'.-“;'_

US 10,358,333 B2

Lenm TR A

ey e e T T e T ™

haae PP

101

m b w mmh K

100

L I
R T Ty ML T L R T

i LT e

wh T
o
e -"".' Ty
AT -
ol
) Fal
-"\‘-hlr ‘.\‘ -I.‘ ‘}
Sl
L 4 a
.:;;: » “‘j:-"‘:- ".l*
oo L g
P A
;i"'.f:-!- o 2 g .l‘-“'
"':"-#“‘* > L-\_'I-“' .,,"'-q"r .';"
A,
i}.'l ‘“_ﬂ- v ot =
S S A
. N Y -
-1.:::'::}'- -é‘h.'l’-“: ‘q‘_-i ‘_'l-"--‘ ';.-.n."
‘q"ﬂ::. LA L ‘:'l. ‘1;“ an W *-u-""
1 o "ad i i . g ™
" -'ﬁ-'ﬁqh - "l LWL -‘"I 1:"1'
Iln'|-".='..--..c'.. r‘l..,":,_ - "'I:.H_i."t" I‘.H.:'.h‘- r‘.‘;‘*\' -r-“q_l‘. "0.-.‘1. -
L, P ™ M - gy ¥ L A N w* -
—tea ™ "'*a:b'»:-"."" '*:""*ium-.wi-;u""f"*‘::‘:t:‘* "::" e S o
e St r S T L e e i SR ' - -k, ¥ -
Rkt e S L e e T ..t.‘ o
Ty 't"","'- S o PR R A s, W :‘_‘_L.q.-.'n" . " #‘.H“' “‘?. -
- - . e " .
S "'ul"'-b;\:. TR oy ame s b - ﬂun‘-‘hﬂt ) -.h"‘#‘ o q!':'* - ::::‘
r l."“‘" "o L] i-*"*' ﬁ“* l“'!' N *'*q-
’ “"'"‘:A::.—‘-t N e . "1.1:"-""#..‘ '#ﬂ; qg:.s;é". :
. "
.‘.“:-- L R, Py l|."'l“ll":"-"'|":'".".‘w'l'l‘| r :'"'- q‘!::. ."‘:\.‘
,‘,-@ﬁ " **::::“" "-""‘,":
W T
o . LT L wh :
T .F::Z;o""'y-':ﬂ:‘ A
‘ﬂ“‘ :"-:'-:""- "‘E'H*“ *\hﬂ '.cli. a"*“q."".q.
e, > " i'x""i"-:"“;_";.ﬁ'ﬁ;"h . ""E"‘
o g T RN | e ! '1::"'_,1.‘*
N, oSl & L St L ] s
e ot T P W W
L v e By e L oA
Ih h?.“. 'll_:‘h" 1‘.‘."1 = "f:“‘" [ B 9 “‘I' ':' :"."I. L ] ."‘ ‘._ L] ,!-;E"T - h‘ ﬁ:-1 ‘v‘
N e A T . Y B
RN A e, : T
"\.:,;i 3 SR "'““'h'-n-v;:_ ’n‘-‘m‘mm_‘.':.-‘ﬁ“"{" 2 NN \:;nqu*}i‘““
‘l. 1 - Y - ‘". r
- 'J.‘."‘-":..:’-E .:'. ?l._ ".;‘ L‘t!‘ .'.11. . i r{'n\ \b - -.t.l.h i-ﬁ"".ﬁr
. W% % i . AN
‘{ﬁ‘““'\'«-uﬂ- e :E . Wﬁ%' AT
Dﬁ.:,";." % » - o B
- L] I:::.E‘I-":"n- -.-_- - i i b *

Figure |



U.S. Patent Jul. 23, 2019 Sheet 2 of 18 US 10,358,333 B2

A
o
e © N R AR - o
- T T ety om e LT Ty e ) P T W
L S M N L TN oy
™ o ot b - S
Lt S ""’hﬁ i, [
N e -uht g I:?."‘H_
.
ot T W v‘l "H"Ih
" L% ]
'l:"‘:.' +"-'.'-'. u.“-{" "“'h- Y 1—
. ] Ly + qh‘ ‘\
u 5 -
i h - \ "My -
[ v, - v n LT, PER L LERTE RN SN
g R Ty T " - ~ W Th 5
e -y b :
- - . .
L
e i
1
™ hy
"
"'.'ll"#‘ A
:‘-I
L |
L
Ty
& !
. 4
e et T
il S s P
*;d v W gy "'l"h-“\!:"l“.:' \‘:‘ﬂ"il ;)
-:k ‘.“It“l‘_- L e -a T 1
¥ TR T bk kWA a"'l'r"":'- . T
L

I‘

n
‘t‘ 1|-"'|
- -l

. -
%

r
£
F
J!*‘.
o TS o
A

o

A
L
'y
-
a
. EAE
AP PP ey

L)
)

.‘h."h B e T e e T e

R
I'.-
“x
1
|
L3
¥ k|
X il
-l o - ] P Ii-“-.."" T oo o *
iy .."'h : :,;"'\-‘ ~F } ﬁl'\- ‘%‘h* r‘_"l:'::'- e ‘:lll-:-il:q.:?:?'t H.:-I. f :'- b'r :
\‘““ a "\. b ] * - + *e iy K ik a 4
?"l.:"j 2w i"l"ﬁ":‘t;}'u' Mﬂh‘\_ 'ﬂhtil:u.'}.“_‘h‘? -."'I-“ "1::."‘1;‘:"'51 -": ‘:}"" 4‘3"1} 4 r_.? :'
Tt S . B L Il .,h"“"'-*,-ﬁ T 2 o dox
IR I ot M - &8
L L | I LY L} - ["] '
at -..q_—\-‘:"‘ A - -.q:i:h'lh'l'::h'.::-ﬁ:i':i 1"".."1" ;"’-‘h":‘t :* =: ,:'. ;
- W 2" " o I t,:ai.- b + ¥ m
..ﬁﬁ 1. 'q_!"'i - "*’h'-‘ﬂ':tﬁ:;‘i L NP Sl o < b L
~ LS R i el R R ;oo ot
. v * o e ST et = ""“s:‘::-'-"'““:";:“;:"':hr‘;.,:.-« o8
Ty - -"\-"q"h‘w*l.iq;n"h\- = v - gy vl o L, el
L] Pt S o L] ) Ly o B, !ﬁ‘i‘“ N a "t‘l"q::‘i-\'ﬁ.tl".‘h*{.‘.‘::."{ - r
: v Wty -:H
-

T W T ey - Ma
- EE:?"} ey o R T hﬁ:ﬁ:‘iz“mu:“:'?:h*'-:"‘?:ﬂ“ﬁh -
R R T
o Rl

"l‘r 'r,.-::b.ﬂ":i_f

"'l:i r
S T e

Y iy et LR .
“H*":'qr'hﬂ.'::‘l'ﬁ;{:‘:lﬁrt--xalla“ﬁ:‘;‘:"‘:“:‘:" -i._ﬂ"-' t‘i'ﬁr“-t'-".l :II‘:-#&!
A e N TS T e T

g L T O e t‘bﬁ“ﬂ:"{ﬁtp:‘:h:h‘*q" . -
AN L A A X IR e L AT ey
: cas L T S e ¥

nr
-."'I._b.".

o B s

& ARy vy - i "';ﬂ
T L il " i .
K eSO Ko b kb Cn e M MG O e N
X, e e = iy '
*

i e

s -
Y P

] g { 1 a ) m"‘: !

Pl » . - ) "r.-"‘ T Ly

- ":r"":‘ !L ‘g.l'i“k FI:- r%i:'hf:.\ _‘:-q-"llr ‘h;{}‘:w}‘ﬁ.fﬂ#@

h:%:‘ ., Ja ‘Iﬁ E i e .
NN AR AN T R

. iﬁ‘ K‘“f"‘-"v*r“'-. ‘:‘h“‘v'u‘ht‘i‘-‘:'m“’_'“ﬁ

-*-.%‘_ " *-..,

"
Y

l‘ -
*'k\. « | A T AN
iy L L . R M=
--‘ﬂw ol TS A B, -Iﬁm-am}‘ﬁx L .

*_F.‘ﬁ*i l".
e

-,

S |

2
rim

Sl
'Il"_',i.-l

-
e

R R e TR T T Y

-,
LI

et : o Tt =T -
AN L W o im, ST i
Ty 1 \r A APl b A WL T " HE
L M IO L i o
T ok e Mty . ety PPl L
g wﬂ:!:‘:hﬁ::mmm“w@%“ﬁm S
Al W S ey

M g B A o i '“hﬁ'a".'_"
L] ", rn I.’Iﬂ .
it o Wiy oty gy, -

gr . e
Yo ! bl
':::‘ -?","'v.,' - . mv'*"uﬁ“.:l.' e
N 'E‘ﬂ'“ LT e T M A A T R A R e
. .':""l-‘i- Pt L | r:"':u'u r a I.-.bII‘h'“"-“.’ YL q_"'l"'r

- B o e, e TR .

o T
B O e PR Tt s
. e ettty g T e, T e

"

- ~a¥r

AT n ey e
-

- L.
" .:u M T ue R ALy e

4 e a s
"1. - . R
'-ﬁ;."::::hi,. H T g A
L I ]
C nu-"r::. y 11-"':':?:.1.-

. Ty b 1 a . a PR
L 3 B 1 - r a™ = =
\'F'"l-ﬁ_.._ TR s T SO I T Sy AR,
r - ¥y P o A R
i'.: A '*'X'V'Ft._ . il “\'h-"lq'_ . :%-\. " * N

M - il

, Iy e L L
N e T Y % Tn

. 1

wal ¥ A% . 3. LR | . { TR
B ' w R £ .
L‘&;._‘u: "R . 'n; :'-‘ { ‘f-l .t‘ ]

v ; " -m
o . " . T .
i "'r"-li'l:d . . ‘h-.- mw e
LR l‘:\»ﬁu&k‘ﬁ;’.‘tptgﬁﬂh{ﬂ‘,‘ﬂ-u e
‘.-1'-‘.1" ""h""" L] il L] -_'_‘_ﬂ'-i.-l-
24 Oy h e DA ..|.1'|,|_'-|.,"\1.| ™

Figure 2



U.S. Patent Jul. 23, 2019 Sheet 3 of 18 US 10,358,333 B2

o o

el e o i o e e L

~

. L)
‘ "‘. WAL T, e,
i

..hi + LY

P
FL\." "'\‘l £
::

LS
- '\-"'-"'h-’-"r"‘:"‘-"q LAY ;
[ g T i A T ':.'-:.‘1' T . S
, .. ;a_thﬂ.:;‘_'qn':}; oSt }wmﬁ.mm-v'.m;; -,:':::;.‘;;-5 g :
' - oy " B .
. R S RS )
- " T .

T T , e
_: “_,..1.': APRCRELL n‘n‘-‘ﬁ‘n_x.‘:-_-.:‘!‘w\_‘:
il »
* - e -
“'hh ““ w**’.:""*-“‘h *-'.‘_.‘. ‘ﬁ-l“- [ 9 M AA N “"-W‘"‘H-Lliu ;

- - [ AR iy, g MUY -
- = TN T N

e T R

3

"L'L'L"t'l.'l.'l.'l.'l.'l.\x

2 ™,
AN

kiﬂhlﬁ#hl#\.hm\

: mi
o {b‘ ~
A

L

L
4
I
F,
r
e

"
L

Tpn el

T

¥,
*

W L

2001

T

Tl g T

o
-
#*

I
.
LAy
r_*;#_r!"
e
e

Hothytahy ¢ F 4 i KT
i
¥

L]
[
'r#-""

..l:.

w s

e
ARy
S

o

v,

"'Fi--

i f
o

-
‘H-rﬁ.ﬂhﬂﬂt%’ﬂ*ﬁﬁﬁm&%ﬂhﬁ%ﬂ.ﬂ,ﬂhﬁ.*}ﬁhﬁ{!

_ﬂ';
aF
gk

:

. .r':' =

Jfﬁﬁrmpﬂ_.ipﬁrw

B et o !

-
-l-‘.-lll-ll—l-*‘* e sk plely
Ardh oA rm
e

P A

TE Y
L]
4
gl
o
‘I‘rﬁ-ﬁf'-

" III"""""""-ll"'i 'I-'I-I-I-I-L*Hfu ¥

-

A b g

. .

g
l""il-‘q-m
AN .

J'-" uh

4 n a
Py

o
>

"y .-.-l’::
T

T I.rl
i
M Tl
.h-_- b
=
o

[

-
Sl

e
o

A
S X
£ 2
g ot o
A
--I

-
A L L Y T L L)
£ A m A maTy ]

' v g 4
S+ R AL -
- - -
- v "-l‘-:“-—‘;‘:‘-r*i‘i-‘l'l-‘-.::-‘:“'". N K L Tt
- 14 N . A
. - - ¥R

e
ﬁ"‘ﬁ*-l e Ty iy Ay ‘1‘ iy Ty, ™ -




U.S. Patent Jul. 23, 2019 Sheet 4 of 18 US 10,358,333 B2

. -
P B R (\" _"I-
Y &

e !

. » »*
AR ASE h‘l“‘h"ﬁl"ﬁ-ﬁ.h:nlhh h‘h“h‘hh'ﬁ'!‘ﬁk.‘:hﬁh"h L L 1111mﬁ’q‘11ﬂmmmmmﬂwmw
-
L]

o

:h""h"h- w“ ".‘-.‘4‘:.-'-5’ P

02

o Y
G e 308

Mo
Ve e R
'Y

* ;
) \‘“
A S A i, I‘;l"# ":|-""‘:'.'-_.!_t.,,,r AN YA TR R
T,
; R e
A e
e Ny

. s

T
e

e

o e, . _ 1‘_‘_"1..11-1- L e R
" -, i-.-'l"-
O A N Ry, "F""q..'l-"*"
o "‘h. 4‘ l&- LJ-\,- ‘.1' "ri
_‘:":" o e Tty ot - A"
%i ﬁ;ﬁ"*" ™ "!:"-
%t L
¥ ad
l\_‘ @ .
" A .
T e v
el SR
*'I. t'ﬂ""-":l oy
> o
. N
[ 9
N T

- b

“"l""‘“‘v" LY
t$v‘.‘.* ' ] e ] 1" h e "I‘i L - w
i - y ! - 3 "g- "I-I‘I * I-‘.iu“llil ol rly
o + i o et PN -
_.,h,.'d'-"' "y - Y L o e oy Tt e e Tl 3 . . ‘_‘:
3 1 -.,‘-.‘\ 1: " . W kWL o ; ; P
a - S Y T L w * - ;:-"'\;\
e ot daoed Beiliel RN,
' A 'ul-:u ., .,,,; T Fran
. " " o a o
LA LI A L wLL e WY £t . 1‘:' ' O e o
-._-"'1‘“*11. * ‘l;;"". i R ""1:*...
. "rl“‘!. ..I:E:". LT, S L LX )
- :."‘II ‘I;‘:I'" - ':11. r il'!.lu---.--.:,‘-_.,lII - -
.l L] '.'."t T ) - Sapler |-..-|._=.- 1
L] - ] Ll
. ﬁ;:!:"' b &~ - h
*
-."'.:. - * | : e B iy A akh
h'll":i-' Y § ‘.l-"-"‘-r ---‘-t‘-h. Il--- ¥ E.i
-:".:.."H"' - ‘1.._ - A y Y
" L] 4
v . il M
. s
- W :’l- L Ly - i
. - - "'Fl"r'iﬁ."‘r‘w- -
b L "H,. "i.i'
“h‘r ‘:"I“‘qm-ﬁ“‘l iy, ¥ v
“1.._\. r 1 -i.'i"l..'l...;. il ) i.'""h* .
T e e .
"1y L ..vp.r"i- '“'u
M fh‘-.-': - 3 “‘1‘1:‘::;':' ., r-l‘l-. EE. T L EEE b N
] :%i.:‘l'ﬂ'l'l-.i*_l‘i:.'hi
]

“Fiih e B¥ rhh i P P Ty

. \
N .
L "'} I;.“'
-
R TN q:'_m
Ty . r
A h
e y
o ’%l"*‘hhh" q._"n-
-"i!'r - . -q;'ll‘
" "
l,‘_
,.;h-
-
L L L L L L I, T, T W R T, R, W B, T T, -:-L-Lmu:rl::h
cv"p:h-.-.h'h.h.h.'-.h'hh'l
RC g G
g,
Y
;: -u‘. ‘xihﬁ'l-
* bb‘}h ‘l'i\‘ﬂl- A B o o ]
Ty e W
PR, P .:.'::»;" 3
TR e b
\AI-\,\-"\‘ fﬁ.‘#
ot Ay
% .,h'.--r e
‘:‘\\ it
""..,- '“;.. Ly oy, o . ‘:s:'r
L i-p" !
l'r' .*(I-f
o a
1"|-l o - o [ 3 ™ e ™ *

¢ ;} - R R T A e ey - .r*. »
RN S
&'*‘*‘;‘ﬁt : ‘\}':; o

1‘
4 -

. wuhhxﬂ.ﬂﬂ.w‘- _“'_'l.._t

1"'*::%;'1% “n.,i:?.’,::“:l,"r:“ > ig.:'i-f.ﬂ- -q,'l;.n 1-:‘ bty - H_:Fu :1"‘ ‘ll;;':. " o . o e T A
Pt Ty " ] LW Loa I "'QHI- 4 *
“"V'k;-:‘ L ..,"r:h"u - N K, wﬁ%ﬂh&}h‘l}t"h ﬁﬁ&\th'}—ﬁn\‘m -y N L N N LR N -

.‘aﬁ‘ﬂ.ﬂ.ﬁ‘%ﬂ__%qﬂqﬂ-ﬁ-ﬁ“ﬂ_’ﬂ-raﬁg_.___.q_ e A ot e T B e T T T T T T e 2 R e e e e e e T T L o R R R & N

Figure 4



B A T T e o

"i'

atent Jul. 23, 2019

T L 1 R T

*
alwty R E e o Lo k]
&. ; " h
Ty Ty Y .
e}
o,
oA
] [
L I |
LRI

b

. W N
T R 1 ol
“'a L o

[ 2

b .th‘ - v l‘ .c.‘lq »

. ‘.#wttﬁnﬂt\x_s
*'{ . r‘. " L3 :
o LA ..
n %ﬁﬁw‘tﬁvﬁuﬁa{ A

7
002 £
{ _

-
. ", "
T e

- ‘-l
e e i e e g g g et e g e e g o et

:rl
e

"a

-i.-l-.:‘-l-

Sheet 5 of 18

£

.l"l-'r::'!i'

f

US 10,358,333 B2

At Ayt e B L R S L R R R R

.
Wt ok il o s th v a5 o Gl o A A

L E L-, .
::;.:E :':}s‘v:.n-u}.-t TT RTERRRS LT Lmme— . - e 4 "ﬁ: b‘-:'
1] . r 4 1 -
: . L
o, }QW-%“:%WWﬂ& E s\; : j
'~ r _ [ 1
ekl j WEUUUNSINIIIY, o - " ) ‘*"’g- " ﬂj. Zm E
i Sk Skt h d’. I..
R - b "n * -':- LN
et T TN s i
1‘1 L 1"".“"?-| - ' ‘\\. q" i LY l.‘t}“
o, TR , LS R v I o mmm e .
) . - Ty
5 _‘.-1-.'"' " “‘%\ S .
.t_;,.'-"-":' . h . 4’-' : e ‘:. ey e .‘._‘._',* AL PR R -t
o r g A At T A ; "*"“5{ " A ,?"""' N T ) _..{Wmm\;::"‘ -
e ':':":"r"‘ -t S . v ' Ta NN e waty e T s -'E":":"'r"u'u 1
Y e wHY B

F ol
: 'y - N
e -.'\-h.-u--.'-u'-.---ﬁ'-rl-qq"-““.‘ ’ \‘tﬁ\ Hﬁ:::':f‘l:“l. '
iy

I§ L ] . "-F.I ™
PR L
N e

2 g

s
o
itHh‘
N Wt
Lol

-
'..{1 : T 3 ,
o e 3
) ::"""'_-\. il 3
L RO AE,

. = ey Py
A i-i"dk-q-\'-.-:l.. ’

EN

M g

ALY ks q':_'q‘

']

LT ST M R —— . e ke, ke e, ke e e b il i e e ol ke, e e o o L L

g Sl gy ot G ynlpaglpdag by ik ey piladathedhiy gt sty it g i e gl Sl | Sttt gil il iy

{

’E’

e T Bl

_it%taz_wm.whmwmmﬁ;:e

' E

3 'l"'h AL R A s R AT T F rF r e I rr F TR r E r F E R I T P I R R NF T F E r Y r FF rr r s r P F e ey
1 -

'

A
- 11-:..“":'-. w ¥
st
L | 'l:'l..,'_ltl-
ol
E‘i‘a‘
o
Ay -

L N e L e L L L P L P L S L e ]

e E t{'ﬂh‘iﬁ%‘u,ﬁ_“lﬁﬁ .

T AR
= '.‘h"..'l:_,..::ﬂ.\'h""t,
TN

- e \h;"q?

Figure 5

‘Ev.,ﬂ%.
AR
%“':'ﬁ}?;‘

2

.
.""'-"ii [ L L R e
ar aa T -

T
, ﬂf TNy
IO

’
7

P
s
.F,
o
r
7.
i
K
ftted

S

-

= '-'#'r"' -lfu'-n'jr P ot
v
s
F
7
-
’

o
ge

-
i

Lot
A

1

e A
i T

1002

-
._‘iq'r‘*‘ﬁi|‘*|-'*i'.*i|+iq
[T




U.S. Patent Jul. 23, 2019 Sheet 6 of 18 US 10,358,333 B2

6021

W TREE frovran T

T e LR T R s b e Ay i e A R BT RS T R B A T TP — "
qﬁ‘ - T L'} '1‘."‘\"-‘5-1.-“ N
1-."""1,\ e -."‘":“"1'1 i : ) -..-I--‘i;l il = TS S 1;"
n - =
"h‘- ‘-..-ll'-.-r;ﬂ'-rr‘. Mmmm rrrhrh N - th fh A R T TS vt F-H#r-\.-ﬁ-"ﬂ-ﬂt . :: .1‘ by ™ :“._;h
l"‘\ '\vll"‘-.'."|I re -" 'f T ey
"‘-|.lI af,"" \\ b ot a Iu.‘
., _ ‘.‘..,i‘n o " :“: "h'p.‘ - :.‘. “ﬁ
O '-. T y T e
*-i.‘q. - \ ;""t L Y "\'\'
- r'\.“ - . 1 L i e
- - L| k] Ly ¥ fr - S T
T -‘"r"'u.‘ : a . - e LAt i;r T
*i:"‘- ‘.H. : [ l-.""n ’ r.: e I"";i ""'!."-._.I
. ; xS 3 s
B, - % . f al .
iy ring 1 o * o ¥ ™o
qi* r\'v_ : - ; ;;‘r "
+ S o T B o o e . T, T uu r - r
-"‘ *"'n ..,‘-',c|l s ‘:-:- :-.'_l-.'\n:'lq_::'l- :l{'l-"ﬂ-'lp"lg N. : " 1f i J - '\-'-“'.'-.-.".".‘.‘.F"'.R‘I’F
B A L h % 3 .
‘\."’vc‘ " "'-.“' - *."‘ e '\.1 ¥y 4 X 1 N 3‘ -:;' .'H" ‘h'\'
R I I N A b ' L s -
‘ + ;‘:‘ 4 L I [ Sy ‘\ “'ll - ™ ‘: f 1:._'!' t a
. ‘*‘i"ﬁ":"“:ﬂ;'{- - 4 - ) \\.
',"1“,.\..“ ‘w‘ } "u"f ,rl"' 1-'# % 4 N o :: "u
Bk '
i A RS Tl : G ¢ ; A
2 ,:.'li b O 1 i 3 J'"'E. hy
Ly o "'-ﬂh-q . 1 1T N ” 5 '
T "} y Py, a1 -r*"‘ ot
1_‘\"- i E ““-" jl "'""'""‘"."" I A SRS - "-'-"'-“ﬁ‘ﬂ“‘-""-r“‘-r""r"-‘-““"t'p' { Fa L 'h'l,'
e by 5 - 4 ,.‘.,‘,_ L ] q dl' l'l- .
L] ] L] ("a) Ty i Y
: § > L d =¥ = I} - 5
- wd e q'" 1 at . L
r L3 L -+ ]
- ' S R - [T
} d \R\ ﬂ'ﬂ- A ““'r‘h- -"'h.‘l et r""t-.;:p ‘i_:.;::.-""" - 'd'. 1 w:ﬁ“ﬁ ;1_ L ;: h’l.\h
!. . nt ol *-?Uv. ‘- o 1 Q'-.
‘? i-"‘ 'l-:-‘.'I \:1“. ‘.l'“ - :IE-IM 'I;ri h“'a b ; It'l.‘
" . - 3
'h- l". e -M..h - .-n.-..i.h--. rapr—— }- b w
'-|.- "'F‘ "'{ ,;.. o ;‘ﬁ -
‘hhhhl‘h‘.‘uhinm‘#b\i'tinﬂ T‘ .3-""""‘1"‘"‘ -.f_" ber ""‘l‘:‘ x "::h' —— 3 ‘\
A e e " %
35 ,’- - L T : A .
- ‘l.' W 2" 111.'-.-: r e ﬂ!. i ¥
-+ ] Pl ! 1 i ' W™ :nu: 5ty ¥ :
M L& " ‘ \5& . 1
: N : Py o T"\ X .':
I v o 1 N W \ ;
q N [y K ; ) o 4 E
. - & ¥ t ';cq . i E,
i LoD NG S F i \
' i ; i }"rn- el o | N ; ‘2
: K l.--.-i‘l.'l'l.i.i..'\i'\i"l-‘l‘\_'\i.'.l.'b-. b i v '-I.i"i.."i.__h_i"l-': ‘I T".‘. 3 o
'-..;-' st - f 1'11-}_ XA L y 3 Py
i i" - -' v "‘:“'- l& ’ . e f s v 3 'y
IR & 1:-‘:!r ! W' 'n: by L ‘:L‘“i‘ t I
h‘hih‘hnbhbhhﬁhhhbl‘ 1:{ 1 utq"-?ln.h.h'hul "'u,; ‘h-'ﬁ'ﬁha.&.a.l |: L f : "a-:: '|:
‘i- - . "
m% i“ i -' b 5 4 "'t "'f ": ;\' x £
- - ' :'. - l"r: o " ;' . ' L, b W
y MR IR, - 'y M‘“‘ 3} - (% o o 1 o R T Ky by x
s’\'té' = K o & P \ o~ M H.. ] - S < 3 f
} - - Y LI - o N 1
‘E: i " o .,-'* #h}.ﬂtﬂ\ﬂ}%\tﬂ,ﬂ,ﬂ.ﬂ.ﬂr h - ) ,-l.lt -*1.111111-.-.111}11_-.1.*' e ::_ ;‘
s
- . -" ,‘: -:..‘ " n : by ‘:
. T s { N ;
< - .y AT L g 4
-----'-."'.."--.-.--'I.. - I‘: A " h X 3 l‘
- LEH *: s [ 3 L ?;|_ -‘ll
A A A ' :
N o T o ¢ 3 %
" L] "
R - ¢ 3 ;
J
: 1.: -"'"' ;: : * t '1-..
T - - 3 &
'i..“. . . ;I K - '::‘. . E -
'-.".' :"" ’ J '«'"':-:: Ht h ‘::
Ry . % ; Py .,.“:'ﬁ * J_i L 3 "4."
- " T b o ™ o
'u*\-"'l|r -.*‘ ¥ ':: 1"'.“ T t t ":'l
L] r L r
- _i" A ,."l-.'f'- - 3 t ?: -1:‘
ar N NREEE y L >
a,'u,_q,_-u,‘-..‘-..r.h.h_.‘_.;'-.,‘_-g‘_-g'q_uvq‘_q._.._-.._-._-..'_q_'hm.._q._ A + . a-“-.‘p.:mu‘_wru,+++ﬁ4.4.ﬁ+++ﬂﬁh+.f.'ﬂm+ﬁa [ R Ay ..1'1- e e 'H-"z- - : ! 1 ﬁ‘_t-
— L) -‘_..... i, Nl oy o ma \ oo o B e - 1 L 1 *
AL T v K am BT i -.r H‘"-«“ T *+ 4 - Fi a
o i o -,‘_“-\_-‘tqlla‘l' ] i, . q: hy MoN e i -
= : iy S : 7k 3 L
m
H"-L‘_. _'...:.h - t---,-.-...-.b,hh-.-...-.-.h-,{.. -.-: .::L :.1' 1:.. L] Troa 4 . ..II_-.|""-I|I a
R ol o T LT L L L T, 0, . o o h K
- quil l.' .\q.:'" .} - n W e cfe b P e e o e ¥ u . "r * L LI 1:1., I|I‘I.:..'.-'h:
H: q‘.'-. i "r L 1 e ;i---*h.n.i " "*"‘*Wi ih"h-.ﬁ-__{L-_“-ﬁr*i-l'ﬁ‘mﬂ"l'**hqr
e A S T R .‘.'.--H-:"«' e FERICEL AL AR N b b - d - "

- h )
; )

i
* n H_“ 5 ;lr E‘
‘.':‘ ‘_i-" .:'a : t
" k3
‘1.,.1 . & :h 5'.."':
+" - . - ]
; : !
i.."' _-l"' * F r:
wal - .3" g N
R e . - - N a’ﬁ-
[ "
. a ¢ > ]
1-'- il :
"
S h

-
"'l'll...:_'

-
1 * .
- 4 g y
--n.-—_—_—.-.---h.-n..ﬁ..ﬁ..-h.-i-.d-.d-..-h.d-.l-.i.-..-..nmmnl-l-ih'-'-hh.'h-' e bt A A e b e _{l L
L]
§ ;"
r r
M [
LY
h 1
. ]
+ I
L 1
< :
Ty
d k
d :
“J -
. L
T e T TR e T T Ty T P, R R R W, "y 4,

8@32

}
N o i, e e o e gy

“igure 6



U.S. Patent

Jul. 23, 2019 Sheet 7 of 18

US 10,358,333 B2

7002

. Ll 3 e
b F & %A FAY S oy khch ok kR YA EFRT

*
,-:..
-
-
3
o
b
L
4
-
5
*H
¢
':I-
*
1:!
" .;ut'p'r'u-'- FET TR E R AR Y
L] 1
4 r
N 'n.
& {7
- L)
L]
‘..{ S b,
u A, i P ‘ -
+ ; :q'*r + 4 1-1!-
» ] :-l'.“
2 h ,:: N
..L':.' KW >
¢ b Ay
X v >om h )
. 3
UL R A FA R l: " I}‘ :l
1 pt i L ——— N , 4
. Tt - 3 b bl
- [ a
SUF ' ! Do
% o 1:“'
I :’ 'y x
t A YL LS NN h"l ;g. "! Y "!
: ;h. .:‘ 3 t |.'| -
- ! > L el IRt b R .'? ":- . *n':"‘
. | r
4 «
-g X SO F ¥y A 7o,
y b q: -: ;'1' :‘. ‘ L ‘.ﬁ .‘J.-
I '? -h‘ "\: :‘ q‘"r l"" 'l! 1,._ "I- :" . l..:. ’ iﬁ'
* [
ERREEE R R R R ! :: :r ; . T:h‘.h"nl I: k :\.::"'\. :_"ﬁh.
1 b n 3 x - - ol : rey £ o - * > 13
1 1 o .:: - x a " P k‘l i ot = W 4%
! =1 . 1;" J -~ :!,'_"r\' rl'. -I". ot R . | \." M h-" h:.__"-" W E
.« a L | * ]
"“"::" Sk - 4 ¥ : =& a7 N i:'t‘: EF‘ ’ 1-"‘:r 'l-.."‘.h A
L L] a
: 1 i' . .“:}. e :h;k!-;.ﬂ-:l. 1}*113\1_ﬂ31$+‘::r\.*1‘r W¥ -J- T ,“_‘s{ r::r r . *11 R 1_%.-"'" "_r:
b Y .:..;‘d'g:-.h : H : 3 \-"‘- -"‘:_"h na t"“l' 'E" ¥ - g Y [t - w? oo
iy TR Ny i . : , E - b L i v " H T o e B BB o e M ey
I » 4 ~ * W .
. kg H:'."i_ E } . ___t-_:&_: " “‘..':' :} "*: '._‘lg i-‘_a.
7. etk S £t ol LN R, L o
g b N ST "
" '_qzin" ot T iy : '
o PR, S L RO M .
L3 Y .\_""l' - et - ; A
o \'ﬂ:-# 3 : A "
..."'h- ‘:‘ k] [ “’ r
"'-".1"‘ 'i-.a_‘! - a 'H.‘ : L] L™ o
L | \' h
E F"n“' ‘:pll ‘g nj'
y :nh-uh--h. 'htl-‘
X &
ol
L]
M .
sn T
L -
"vt“‘"w‘n;:r"{':‘:'? - -u-"il| i'."'r T
& y "* -1* ‘.i L "'l. L
s f?gk: ~
? * f:*'-.‘kﬁ'l*- .I..:i- -bl-‘
[ ] + '1" -I* " :"“ 'qu
i
g\t o .":“:h*':?-
Sk A r . g L]
1 1_.2'-{ Jt...il‘ F-_.‘l_ :t 'F‘
. € -
7. ;.' '-;‘.ti.\:'-
. - nr +_ []
u e+ wa= " - l.':l:"::;'l:‘;lr e ""1
= T W "
n oyt "y
L T ;;"r .:r
INTOEL - i
o Ty T i R Ty LR g T e T T Ty Py Y, r *j." fl- L
»
o g
1 Ty
i ¥
;"\k e 1
« ":Fc
-l:" 'J-‘ o t -
- by Py
qT‘ ':. ‘_"l' &%\
& o LR L Py
- - - n
b an .
. L%
" _:l.." .-‘ |
¥ o : L .
B S’ . g }
l.I'. i'.- h.
P T T P ..:1‘ “-h hk“ﬁ" .
: e
y A . .
‘:" ; 1 e, s e, T bl e, el Py iy e, el N o
c ¥ i Y
r:_" ¥ _-.‘.__";"'.."‘...(. T E ] \l_
b1 L]
‘h" & P T L T TR E". ."'» 1';"1*1-"11\1- -,
X ; " L i 7% .
- ."- ot - ", «
"'1 y * .\\u AR L S
< ; S :
"-m‘v"l‘la.l.ll..-._'---- -._-r-_-:l :: e T, n‘“-"F
L
+
3
Fr
;
2 }

Figure 7



U.S. Patent

R

Ty ey
Hoelkhwh
Lty
‘.-h

Jul. 23, 2019 Sheet 8 of 18

- aa e T Ay .
L) T Pyl S
LY
e
r oy
e
T

ﬁ*"“-:""‘:ﬂn’- oy T e
o M h"ﬁ-.:"\-"""l""' il L
-y “_i"i- —— T
- N ST,
-
[
‘1‘..- -h-_.,".
.‘:"'h. L N

US 10,358,333 B2

\ ]
. JREPSE : \ 3
g, - - . o, '~ 1
2 T RY o ek ok T %
3 ' ' n‘*‘:‘.& i
L] - - Tl 1" k| "L '11
¥ B P el o
T LT ey i :g
y ¥ '
& Ny ;o
* ) Foad
N - - I .
Sl L
L ‘L:‘ SO
a »
L4 g AR
1 } [ 'u':‘.-
.l-f " f! l':i :;I‘:‘
; t _'I- Pa
LA n
i1 SRS
F E
. L
I,
ey T S
X1 S :
*. A
P Et q:':" q}'ﬁ“
' +
E i *I .:l’ 1.:" \:
R B
a - or
.. ¥ A
L e
™, £ w
. * L a )
* A 1N ot
* ! ":.“‘" ..‘:t}{
L R (J" ot g
. *:..ﬂr s i"i;*l
- u .| .
Y ‘:- ‘1- L]
o ;,1.."1' -'"::p by ;:E I:"‘-
R 4 *:::%"""
. n P
u",.;::":%i LN e X
IQhl:!I"""".*"l..’ -!*1 R "'i k -
oy "'.;i" L *, [ .'llu
WAt A . ;_r"" ¥ .
R g b
i ks k
'*-t'::,,_"*..*- A Y
‘:r‘ wr + b "_:1 l" F
I‘“" {$l£¥ .r E l-'.: EE: 1 E"u
.‘ L] ._. tr
':"'-..J‘_:."""I“h ‘i‘? :“ :J:::',‘ i .1"-.
Sy 1 g
r M ‘.1" 4 '-'..? J
-.."l'". il T e -
X - -
*-i" ,:" '::-:?':f .
- ! r X T
- m T k] :l'4 .|.* } J:""F‘ -%
l--....,‘_.“hu:‘:‘:_"\_t-. M " - * b:-iﬁ. L] "l;-l
H“"‘"“‘.m‘ BT LS ..-.."- “‘;l.h"'.";t# {i‘. I-':.:‘. ‘: :"* E
R sl o~ o S #
T u T .:u:“:;-;":.._u ;; o ‘_q" o 1,,':} b
yaoyining :;M:h“‘wﬂ" o ol {‘tk o
.i""" ".:5"‘” * "f ty
*_1:_- R » :rq. -|';L y
_-.,r-.-"'- .-'? .,!1-"' 1 ::h
‘_.. - ‘-.,'l-‘ ‘q_‘v:" -EF. "::-
- u - el
N o o W
14_1.! W - el
S ¥ 3 i
w ' Tﬁ ‘—‘, L r 1:':"- :‘
- o, "ﬁ* N,
Tl - - Ll o :‘-'“.'r +"“ i
AL Ny T ot . n = -""‘h ‘h'\- g
\".1."' e s
My, .ﬂ""‘ﬁl‘i 11.'1-‘-‘ ¥ 4 .
Y
:"-:'I. - PU"‘--—- ) 'i"\-"."ﬂ:-&‘ #“"h n‘ :‘H'
" '.“-‘rm-‘.:v,q_-.*.h L Ty l:.l\-‘ e e d
o ot % a4 .
[ ]
ay J‘\ L :‘n‘h " ﬂr‘:*‘ *': i
. W 'u‘.ﬂl"‘. 1-""1-‘ '.."l-l""':" H:}:
oy - u . u
R, LR ‘“.a,i.,ﬁ" ..;"'h‘ ‘ﬁ“i:.c"' 3 ::;.1:.' b
“r b} -
¥ ol a T N
- o ..ﬂn.';-n"i-"' - "\:‘. ::
L
AN RO wo pad
N e i S5 A4
.1" - - o :.,i-"‘- n' - Y d'," *
“uy, Bl S » at™ gt NS
Ty o W ph v owt - ™ - ‘h;"',"-'}
N\, e oy v T et ¥ N o
',"-'\‘.’ I . L a S . Ht-".,:m" - :.'rl"'"ﬂ RN i +
bi" g mmﬁ*‘i‘h“:‘ - . ol e RS x R s A _r R I
2 e ATy : t.-,,n,x‘i-"-‘*ﬁ"‘?*:'-‘ i ] iy N
z. ey - -y -.':}:*‘:‘L\'\."I.T‘i'ﬁ“f'ﬁ et Rl A
Ty ok WL -‘-“_"*-"‘-HHI t“" { »
iy, L " 1y 8, - D
m ..llh"'l-"'! My Ly
I WSS
J;:' e L i ] ,,:l'_-lr I“‘ ]
. .‘_" Wy L1 1'011
‘:'"-:r L l-..-:. ":'
el '
4 Pl
] A w'
""-ﬁ" \J \-‘ by :r
L Y v ¥
v« ool .
A
A ‘,.\- ) -
"}q‘_‘.-. -q"i “:f! *.,_‘ l"‘l-
B . LI, | " Pr
,..-.":;,‘h *.tt :;'! "':; *‘4
q"l -‘:i. “. '!1. .;.‘ L
R RS L -
r -."-‘..“': o I" !
-..:i.""-.-"" ..f':" = <M o
s .
qh"a::"ﬂ w a I s ¥
1‘*"_ o + ".,._! - ‘1 "h-"‘- &
e ATy "y
“_‘“\..‘ o .I‘-‘ P ‘:1. "H.T .
..‘_:.“'r-"" o ‘...l"" .,rﬂr‘ - P .-
,'t'r.t.*'l': » " ..q'"-i ,ﬁ‘h ..,,." et f ‘.\E ,“*-.11"‘
LU L T LA n ) 't
a Py "F-"."’ e Y - - . v + ".i..' 4‘4'#
e gy = L i nd + o TR
Dt P o l.hi-"'-" . Lt o L . o g
o e N‘:'h""‘l:'l- o o T :1,:- wr 5" . """*:L ﬂi"‘:‘" J.a.,‘_"u-‘ .."‘ . f‘ Ry
s R e i, L P b WA w3 Sl oo * - Tl
" S e dh.g:q““\‘h,_“ o - ™ L o ' S
v oyt _ P - ] " a L ¥ :
T T, i e Y T I bl * » A
" .-""- '—i': - r*"'"r";'ﬁh, . -‘p’: - J;.-h'lq- -v -““T:W -|-J'.|I - --":"‘l‘l::" I?. ¥
’ .‘-':“'h -.' Pl hhﬁﬁ*ﬁh“ m-“#.‘iﬂ ‘L " ""1"‘:‘Ph“ » 34‘\‘- ’ I - "':-1‘ “.- *":?‘ ;.I-‘ ! i'l
- . . -
- 2t Aty 4 5 s _.,,:.-.'-‘"’ L ﬁ'b L b
Sy "n-... " N _l-ll_dr "l Iy *-. i-"
-, WY . T T q""' "t Ty .h" 3“’
Pl T s gt B -‘-.ﬂ-n"-"l""“'"‘h ", -t T RN +‘d: y g4
- - ™ e .
Tty - ‘- . - -_i"‘h'_-...-- .:1‘-!' '_..1-.,"': " .._-H" "l:‘ ..:‘ ."."‘:'
gk by - 'ﬁ‘ll \_'!:lq . -\.HJ" . -
. i o
-.ﬁ‘.."' . 1::.‘;._'!."5 ?q-"' t "-.i "}a?\_ *p-"
AL - - y
’1“ fﬂ.ﬂ.‘*' ..::‘.-"i:,'lf" ‘.i."n’ , J.‘I= oy |.".
: -t it a* - i
. ."-.,-\ . -.‘_q:'l o in‘,r:.. ;;.* a'l-i".:, Y H"\. H:E.',{:“#.
r"l'. HH" h‘-“‘r‘l - - b""'\:'ll'lb;""‘:. nl LI \"q-* .l:l,. ql."
“'\\"‘-. L . e, ;,au.m!‘-*-"" AL -:ﬂl{.‘ L v . -."'} -
\ S N T B A T A TR L o . 1:.:',-{?-;% PPN WL I o
r L7 " .
v -‘.?:!.“T:: " " ram W - I’h';_":‘*:h -""‘L "' * ‘l'lq."“."‘ T
R G g I R e AN SR LA AN St w
Wi Y AN s mmzomls A ST Ll R RS | g
via, A% T e ey T A T e Ty NN Rl a
'L".,-: 1‘ e .“'l;h.'h . " .-.l‘.; q-ﬁh'kl‘-:‘.“‘%[ "q‘l . :. "q_'_ HE' 1 -,‘.:‘.', Wl
Hﬂi‘. ; .':- ) u“ ‘.‘-. "‘d ! K, : - 'n “i e hl- h‘i"F- _F‘" )
TR R A
bl Ryr .‘H\z . :.h I.'L - [ r.._:q‘- :'."":Tr- '--:".,:u "t -
.- L v
"l:'ll‘_-lﬂt'ﬁr:_“h-..'a n-
-

Bl N L h, L
iy
e é‘:ﬁ:ﬂ-:_ -a's t."-.‘-:'n""%:;‘}i'f i
Lomom

T - a

aaaaa

Figure &



gl AL L
-

-

¥

._..l.l
et
",

US 10,358,333 B2

- > e *ﬂ.
, .v%‘hihiiu R :
g s i
R e N ., S
T ¢ b __..__.ﬂ_.__,.___.___.:..ﬂ._.r__._._._n-.__ri o i S eyt o 111.1:11.:““ ..___Lu..__......._______:_._u- ) ..\.__mu._-“n\‘_.Mm...t...”‘._.-
. n.__"___w._.__mﬂ...__..au.ﬁ ol . o prt e P O S gy wu?khu......-.. R S,

- N : - 5 i B
M L T AR T E AN PN g ot S ﬁuu.
r?ﬁkr%ﬂl‘lﬁ-‘*? .!llhlﬂ!x% lu{-*l‘\c.l I.f-ﬁ.!t..il.?.. ‘“““.‘.’r.

h_n.\n..___.. .n.\\u....{% A gt W T ATy, bt

\ A P 8 i
. - r " b
N \.“.I - - T ]
A\LU.W . T tu.._.._u .-. .nn “x _..-..._..-...-n.._._.. m:n
.__.111.-. e . ; =g 2 -

, e
- P AT 1 u..__-..l__. w £ "1 Pa L -
ol " s p .u_‘..J. _.“W”...

2 o L
....hf a = . ?.{t‘i 5..-... .-..1 Hl.h.% l.I.i'.-}‘.T n\.rﬂ“T".‘
".- h_-.-..-_.- .nn.lu._#h_‘. .4“&%!-\
T - wa
I\“. -_.-. .ﬁ.-‘.' Ii-.ﬁ.\l_. iﬁi
S A ’, s e A
e »U....m.\\ -, R u_u%
r LJ " xr L]
7 %, 9,
r “_"‘_ \1‘-1- \\‘.‘u h&h .—__-1-.\.._.%..1 .\”.1 ..m‘...-_hL_. .‘...-_._.1_.._-5_1
L/ Fr r i.I .\{‘_ 1
Y F 2t/
v 57 o " ' h
[ - AT L] ] i * B
“.n.u - ..______,.w-v _._w_.. 4‘.... ..K..w -y J;._.. .fuu ..“_- 1... ._,___.. .m__n._...___...._.w._.
an A ", RN
et . . A FE e
o G SR ", s
& g n, G wn W
- AN S N o, R
5 3 .“. W d“._.-___ - ot _.I._.__. e Ly H.__.- .-1-. ¢ ”_M L3 _u.\_“...
_.....___... »m_-__. .___n_q P A N . ﬂ % "u A..."..
.-il._-n u_wl. i._. -.1 ”.l‘. .-.1.1H. . E.ll _4.1-.1. .I..l-H.l .1.. u..nLlL... ...““-.:H.
ua...-.._..a. q.__..s_ ..__.. .1.‘ h_._.nl._. a ¥ .-_-. - ”t.“‘ u1 o H-. 11.__".__..-._.
S Ly b
o . _w B ,.V\. " _..ﬂi..,._. ..?.1...:. " n.”u. Ol
~ S S A - ot s 3 T s
A M . R L) :
L NN A T T . T AR “
D % 1 1.“.._. RO " TE b :
E] 3 [ . A L X 4
-11.- Rﬁ\-ﬁ_'n “.-- .._.“1 ."-1 m -”“.. ‘“.l ﬂnh * qm‘“ .“ “.w -.-_ ...ﬂ “
s .__.”+ __.w s B et _y e . K LA __““H_. ’
— roes bR, s T R T R ¢ DR A '
A “_ -y u_, ety v S T _..u““ e ea e e el e s o o it pf o
7 p A L R : AR
L A fa . L. . - . + LI b ar 'S
e ba o LR O Y : MR i
A B ) tRptronn
u.-.l._. A = .“.- u”._. __..... * u..-_. __.._. ..1.._“ “ "
R ; RN
] ] ] » rd 1 ]  d .
We Mo y L5y g
* ﬁ* 1‘. l n .h. [
IR A L s Jrigl o
] [ 1 -... 44 S l__.. . ' -— L] .-.n
e A% ¥ ke fa iy
q“-n ! .“v T ..__. t.l-.-_.._. F, . " -—.-.- -__..qll.i
L -L-.—l ﬂ.ﬂ. ._ﬂ .Hl r_-_I...‘l-lr” .-r‘l. .._--l_ —.L|‘l1.1 ‘I “v: ‘i.-.”.l.
.-1...-"“.. -.r.ah..q kT by L F e __L‘ ..-1. -_U-_-.
4 _._._n ' -_... F .-_...1-_ ._mu_ ) H vt.. .w.-.-_
Py L ¥ ¥ r s, n -
Ll oy Ky PR A
A IR Aol e

% 53 1
AN A e, T, A A _wmﬁ._.
._t_“_”_. £ % -_” ) _._._._. _\u_1 11.1-_1 et
r n-__H I P _"__.nf L l.._.. .n.-.‘
L - F x P i -
..m__..nu SR o, c A . &...uun.
ﬁ%: ui._.-___. ..‘.___._. .u.r“._.-.fu.. " ¥, ._...._..__n..m.____ :
a _-....___ ] I -.1..‘ \L.-l\l\\‘-\\
__._... ..n.-‘._.l .1.“_.4 .“."- i_q.
___.__H__.Mh"- i I A
H.“.”“h.“' ..‘l!'.”- Ii‘ *l.

Jul. 23, 2019

L o
l.ii-"..“.ﬁ-.‘ ..‘.Il.:THl..-‘ L_.h.u.n_-.
tlan.uﬁhm“&i‘. .-..-.:”l i!.n- .F.l.
L -
.I.l”tﬂ.-_. " l...-..\. .._...f.t. ...

U.S. Patent

L]
-#
-
n

i



x . o r) ¥ ¥ Faone A UL o o i
W e oty s Y, s

\.-‘..II..._-.III.II.i.li- ._ll.i-._lll-._l.l_l..._lll-.ﬂl_ﬂln.lu...h.l Ny T - - b b o o bt it e bt

> ) %
7
&

y

US 10,358,333 B2

LR T LR R L T L L

:Q‘;‘E:q\*:t‘ . A
o

bkl

n
[ ] M H
l-l I-b. F
fa 3 hl"- "
.,.n : , i
r A X :
. m“ " X H 3
" 'S “u
oy "..m ,___ o ﬁ ;
.-“‘. “ “.“ % . ;
I..-_- I\“O‘Q ‘ .-: H ._“ a "l A
- I.-._ . ' ,
_“, g 4 ﬁ >,
4 . e ' m
; “ # ” %,
) lﬂ_ _ﬁ_ i N .-..-.-.i
L] A w F _' LN ]
; w.s / . : %, |
. " v, ___-_.,.“ ' uﬂ-___._. .
L ] a : .\_- ;
8 ? ; ’, ’ ” Z, nw
1 Ly A ‘
quoney ’ %, . ” N
. oy ; % _
0 Hu ._ i
, % " v
A .._.__.. ; / }
L ry ; “
L .-_.- a
y % y e
L] - / “
0 ] : :
\ : y
/ /
i
r “ “
s
_ ; e - .-_- “ “
! i ; ‘ :
L K2 ., “ a
W *ﬂﬁ ; ; : “
] + A ‘.1 ‘ ‘. —.‘.
“ “ “ Lh 1r . ﬂ. . ”“
" l.t. n ” il 1‘.
. .
N SO Tiph b : : i
‘ " l.!-.r‘ . .1.11 i.‘ .-‘t - i | I E r - ‘ ‘ 1“
t-u-.“.".__ 1t-__.i-.l..!-I_-. n _..I_l-.._ L2 » v t-_- - - . A gl gl gl gl i - -_!ﬂ...-. il il el | et o Bl i il iy A o i gl l-.\t-.tﬂ.-li.u - ; .-.
£ .__._.. j L . . o _”
. o} eyl ; :
> { . b 2 kg g A L.‘“... : :
" " 4 I " L .h-_
n : n- E - o i “" i
n + .__.‘_._._. R Y I A Dl “ A .
‘ } ", a, Rl £ ¢ ! 3
u -.-.- .-t.....‘.. -_-. v_- ___i.-_. “ My
| . i r ﬂ__. I r ..._1
0 \ i : " A 10 ¢ e d
| . F | ._n.._r.-__i e r FAE
q e, % r ._:._ﬂ.___,..u_.- n\.\ ” “.. ¥
: _ e i LA~ - ¢ o
| { . <2 fir Y - A o
- . : ;. I ; & :
: m Ion T bbb i 5 NN, r . 4
] ( 7 Yy 4 P
q{ r Ny L .,_._.n_- r o
: .ﬁ .:q ' _-_.ﬁ‘ “ ,._nv_.
e u _ F k T A o7
& | a * ¢ .ﬂh_ 4 .-.-__.l-.
.- — I“ _..l.-a.I m S. 1 §
i . s ] “ 4 ek .
"__ « % ' % ¢ 77, :
i H o ' ” r F e
A E { 4 uw 4 o ¥ 4
| 1. -_. i 4 s
i ‘-...l 4 ..1-_. ! _.__..v.-v
o n o _.m .r“ .1”-_. M “__ -ﬂ
pm y “ “, ‘7 ! &
Ju i 4 | ..._.v.v 4 Ao
: g v ! ; e
. ’ ke
F] * & h_a ~ / i
.“._'“..“.1. 'l m .\___uw
i : K
| / 7
| / o
1 “ n___\
H ; 5
: / % o e Ve
Vi -....1.1..-_..\.\l\.\.\‘-\.\.\-\.\.\-\.\.\-\.\.\-\.\.‘.‘rﬁl.__l._...ul t L ".. ..l...-t._, ...._..H... a, n .l“.-l"1. .”V._I .
B, _— " p, . " ¥ .5 L * W 1[...1&1... -
ER R S, : . 4 ..v.w_\ e T :
a4 ...JI '-. o [ ] II f il 4 [ ]
f%‘.l- .ﬁ .—_.-._-. / -, L " b.% - ‘. ‘l\\ b’b‘ﬁ - ﬁ
L J
“H

U.S. Patent

e 1)

Jeaifs

Fi



U.S. Patent Jul. 23, 2019 Sheet 11 of 18 US 10,358,333 B2

-
k

o
2
Lo

R ™ h_-n-l?!-
ut » “};."
4

24
T ;:
24

1

¥

I:

:
o,

e

A

T

Ii z T, -||"JL
L A

-'ﬂFrE
" w

e

o

Ny o
T

di.""'f"ru;.n. wl o o ik o gy i g e g g e g ol bW p'.n’l.'l"l

W
}r:*
P T e et rr.
) :c_;'
e ¥
A *E‘s

oy
F

ﬁ“ﬂ':
4
J' *-‘F ta ‘" -y
f:.l"-r
e
-:.I .r'i“"ﬁ

T e w s s rm e nh

'
- ) W R RN S e T o
e vt e s LR, SO e PN v LRI e
LX] '-I-I“{ A -hq"-"' = . ==

b * ":"' 1Y '
- .:' "'-‘ ey - Ry e B gyt .
. s o B QE‘
X b'..‘\
L
.l'-p,'..‘-
- L
e . Mooy
Wi, e
"-..'-,‘_‘ "H-:,h"*‘
- ) :::: M
o S
o N
e oo -
"'h,,._ ) Lk R 8
L
b
, Tt
it *“11‘ !i % & 'l.,“*:‘ﬂ-'l - 'Il'_: T
- g AL '
: ot il TR :
. o i n o ey M ;
s, e e . L h
.. 3 '-"qr'oh mmmhﬁ.ﬁl—
A ’Hr*“"'\.
.
R T,
o e \
Y s
1"'1...,.l o TrwaLL LML ua
N, b, 1
> ™ "'"'r‘- . Ly L
] Yy
" li""\-""“ h [~
Y - _

T R R R R RRR

o LA L g L e Pl e e e R T e e M ey g A e e

X ETE

AN PR T EEF T EE N b B AR R A S FF

chu o o TP o, el T G L L T, R, T, T I T TR T TR, T P i .,

W e w" 1‘-'\-"=|lh".'-|-'-|l-|-h+_+_ .
LSt ank gl T A A g

LT, g e
P .
R R St N
Q,,q:ir et ' i‘:a-'.f'_-s:f;;.m o
e A A A “h.ﬂ.‘*.:x:h:*nhhwﬁ BN
Tﬁ:\aﬁr?‘ g ! ‘2' -"‘ 1’1""“ .."“';“:.‘ T W + 4 +, . T, y 4 ) \1 ﬁl -:1-):#“;.-‘:‘:!*:; _ 1‘1.
b P e e Y w - ' n &
e, o, T T T T T Ty o, uFER Y N e N el Pl e e o W e B :".h." h I._.d-""b"'

Figure 11



U.S. Patent Jul. 23, 2019 Sheet 12 of 18 US 10,358,333 B2

6002

A=+ Ad bt A EAA P AhS A A e R
- PR T L | T B

W
i
"‘l*
1'..'
.
-4.‘1
_:‘\-.
]
L
L
-
- - e m o - R "
“..-.v..."\,’-‘h"'“*‘\"*h Y T oty W.,‘.l-._,_.__-‘_-_-‘-‘-_‘i t“
e - ': e -'."'"l.,.‘\- - %r‘
-". - -.-. -
- LY T - -
H‘-‘i‘ﬁ‘---nn-----ﬁ dradmhawbrashrsarasassan AL SA LN E N memEah |-q.1l_. ‘.\:Ilq'
. b e e B e e gl mle o e B e e e mle e e e b e i e o e ale ah
N 7 T
L
« i o
W ‘E b -
; l__ . rle ™ Jq.‘ '“.---‘-':I
¥ ! o 1 i.l"' T, I‘.‘-" ,'1.
* '-.I‘ t'.. 'l' '|l"'l."| o
LY .‘t o Y 13"'
.‘ - -“ ‘i' q. |.|"
b ol (k -~ R *."* h""*l
r b3 -
a i n
B adadobcdpunduluss 3 v &% & : M e
T o o0 n e h ", e A
SN AT S . v R £y
* + - i ] “
EY . by LY
% v E =3 ;‘*# 1\
3k, 4 « o r e » ] ARTREEFEEEFELEFEIRTIFERESCIET FACE A
LTI P :: .hhh‘h‘?q*h'\a‘\-.ﬁh‘ mﬂ‘u"’hhﬁ‘ﬁm\‘“ -
LI X g, "
3 1 ) . o
LY aty -.|' - o
Rl ", ili " x }i a1 - ‘.‘y L
"l\'q-_q%:".'_':-.uuuuunuuh gk e TR |.: - Te ‘1."
L b £ h u L]
o) 1“"“' ol r‘* 'l: *“ 4‘-‘“‘\'\
cL ral v - k,
! ¥ "h\- r [
’ﬂ:‘»‘:-"g“qh'l? "-J--g-ﬁ*:manv.-.u-ﬁ%u,“-u‘_ ‘4-',': ‘,*" " ‘\‘,.
- X o - ¥ "r“'.
;?‘: "C:\ ) 3N . 3 1y e -
o ) ™. W * Y o ",
" L 'I:".l L - - SRR s e e, r:"l - .H" I
ttﬂ"t*ﬂ.u‘tit "I'.'“I."i"'lf"t'\l}‘l 54" " 1_11 s \: L
s - .
— N o p S R
‘;h- o o EY ] \ ik *"K\.‘t T
! "r"I ':} 4 'Il‘:.ln""l*l b ) - ] ¥T ._‘-.."I' & i
h“mq‘h‘h‘#t LY R T h:l LN wLh o o L) -:'.- ™ r-m-f.l.-ﬁl_ﬁ wh b l"I-J._ .l.p"- 3
L - a ™
’ e e . “'-1..'_..%" { }
-.* .
= "".""'“' : =
¥ 3 ,'F
x x :
1 L]
- %
g o o e \ X ]
L]
o : . i, . & !
. t A ‘_\ t .
[ "\. I‘r-; .E
L 3 [
'S o »
L3 . LY -
= ."‘. "&‘ * l!
“ " N M 3 y
" ! o N . 1 ‘\"“ » F]
W 3 S N ) ;
B - ' A
5 a - £ Y 4 %, A !
w K t 1-": : 1.": ﬁ: 0
L] - - 1
:"* &3 : < v } 3
* Wy K o . :
rk :‘q- ] : ,‘,'r..'l' 'S {‘E a Hﬁ‘
* R . y N - -~
ey W £ o+ :" x [
. ﬂ'- "] :4.1_* ‘h‘ Y ‘i‘ .‘:‘“ 1:‘
r"‘-h...h : £ w t b H—u . 4"
" £ r L3 r'-ll- ""r '0:-
I af . T
N u i
IM.'1' [ L - LY T u
"h\ £ . [ 3 - )
L ' Ja .
E HY b ""'l,'. - L)
r L3 " F,
'-\":1 T M L LT, L L, L ke ‘1:.;:."1.'-r&ln-*-‘-"l-"'r‘t"-"l"-‘t‘t‘l"-‘t'.‘-.'t"-ﬂ'-v%‘-.".‘.‘.‘ R I .."...E - ¥, . h'b ll:l'n-
n - LN RN LI e T R - r i n L3 W
_..-"'t"t EaL L S na . “.ll-u*“‘ LW [ R - o i i : 1"‘ 1|||
- m b 1 - L b
; b - - x W -~"
"’\ . : G 'H."l"im'iﬂ“m$ ..._"* .,:' h‘.‘ .-,;‘ ‘_w‘._"
- » ] L]
. T B oS R o & o
ﬂ‘q.' 0 - - L | --_'ilr . s am ,_1_1'\-..- - Pl ) "I ™Y w b - I — K
F e My e ey Yy b e ol L k] d - - m Wy IR -, o g *H:L
N e W e A R W e £ 1"'1'_‘"._"'" ‘!
%
Lt
"‘ﬁ‘
HI
&
b !
n
-
o
N,
%—
!
&
>
L
&
Y
L
L]
r
%
W

et e o e 0 0 S e e

Figure 12



U.S. Patent

Jul. 23, 2019

. -
ek ‘_.i
'tn.a-iill..-__“":“.l . '::," -.'.‘l
- ol
T -,
[
."":* ':_‘; L]
L
L o

pu T
Faliain iy . b Al
L .'Ilt. ™ -
LS LY -l*“q i~ “t-
. L]
F . N . \
N e e Tt ke au oat W o o » L
+ 2 F Ty PR d . rh Iar
AT e Il S oo tat e ' - . ' ' "5 ir
{: Ty f.‘" Pl "'Iu?ri;" Ty t‘t“"l‘ "':bi-" Ih‘-b"hl- :::?"t;" ‘ r 1_* . e?‘r ! . e 0 r . '\F- a W by - o "‘* [ '
it L A e AR B, P, . o o L L - ) - ey ?-.‘. b 3, ] g ,i.‘-..
"I}'\-‘"uq"i." WL "'\lb“_ﬁlxili u';ﬂh.‘\ - L it Ty m-"' -flq," Tl T ut il [y dq:.l Ty L] M - n 2t r
e I L it e, il T o "y I N 2 Pl % W Py . &y L Fy |, A - ) IS .
-.:rqq H'Il“ - ‘,L'\-'-i L 1."-"-* -.."ll'_,i ..;‘I'qi- - -.'"-11 .|:'- e B .-.‘ll-q. B i R i A ""h-i (g .‘ﬁr ‘h-ty W q._"-l. _hh‘:. -k o -"'-‘i ;‘. Y [ K h -
lE'lq "l-‘q ‘_!b-:"“' u q."_-# oF e A .\‘5"1 -h_l\"i .-'l‘r.h'b'ﬂ .-."'.‘;l:" Ot .l"l"r :'?*i U'I-‘F M n".‘l‘ ._"'-‘J .\,,._"'I_.i o I|II||.""'I|I|- ‘-_"'iI 'l‘.-‘ .L."!-‘.f .l-‘_.i, ut nt q‘_"h*; .\“-" - “’l'_;i- ":'-u." i q‘ A
a 1"'l-'."' M '-."'r‘l.'."l-" u'r:‘i‘_‘ﬂ‘{'r‘t L PO A ‘ll‘.,."‘-!n - ""F'.:l-‘l'“‘:"t*.r-"h-* -"'...."1'1'1".,'."-.“"1." .,."i'*-p. "n‘::rln Pl '\:"f - "l_‘_-h_“' “.;_'l‘q. i g :ﬁ}-ﬂ:‘.}? .\,._\'if"'\- ¥ ¥ M.
1 . L T - oy L | h“"'\, LN 1- -q"l' ax ] L] -\:'r Ll H'*l '«:*.‘_'I- _.1-1..‘_ & -‘_""lr t"ll‘_'lll "w‘-\_ *ﬁ-_.,. aF ,:1.1.- _‘ll-&‘ Pl .‘1‘1. H"-ﬂ.“ﬁ.‘.‘.i‘ﬁi‘.
3 h I“‘- J."-‘:‘ it"{:\. -l*:-‘l i*‘-";‘ -i.thi‘:."'i 'll;‘# tr'i* ““1‘:‘" “1:.** | y
L] ¥
N e 'L{{L&'# “H@:ﬂ{‘:&;;%ih“ﬁﬁﬁ% M| AR R, ki
LI LY 2 -
Jq‘j.\‘_‘l-i.l L I, .c‘.._u‘_‘.p..u,._q g
o AT T o e
B AT m g d . [, D] L R T L C i
: y "-.-.J "u:: o ;.l:'l-’r. .'-“'l“'.*: " I:|."‘l- .ﬂ"‘: ‘::‘1.“:‘?.1‘* ."n:::’ :‘_'ih -p"i ‘.‘: o ]
L St “"-"':.F‘ i .,“1‘1_‘;_1."":“;1“‘1;‘.. !-';"“ !:*“a"a‘.ﬂ"i-"?‘a-"“‘ l:.“‘t‘- 7
- iy > .
ey i A e 'y ﬁ *:q.':‘. "-l:u‘.“ﬁ'-"' '-:q"’"n:n"‘ s .."qi..."“\‘:_.." hm';“"::._;‘ ‘l.'_'.,':-ﬁbf:..:' ;n:f."‘t'.._'i.:a:“\-‘ .*‘::_i"'i_t‘ - . . R Rt
: P .'::2"'3*;- P \-1"}‘.-‘:** SO L SR S A o i O ..t £ W
ol a w by s ' w7, ? N N %‘ w . ﬁ.‘:' A 4
oA " . ", - Mot
'l‘
-
L]
o
-
Fa
-
".
+
L
“u
L
L3
L]

:
M
- T
ey
mn.' T ow i:*
4

H" i Ty B, B i T T, By B

Sheet 13 of 18

Figure 13

b |
L

AR

;;'-..Lih:.-;.*n.l-..-..-na-
L]

_.ia.

ool M
et

US 10,358,333 B2

(R

L T Ry N T
£y

SEhS

Syl et bt

o
Y
i"

xh .
H

AELEEL L RELLTRY N

.
S8

g ., g e, e



U.S. Paten Jul. 23, 2019 Sheet 14 of 18 US 10,358,333 B2

h
.
Y
H
N
h
H
N e aaarrrar e
h ."“l.“‘-‘++“++“-“‘-‘++
\ -
i -
6D s
Yo
P X s
,,-.,-.,-.-..-.,-.-.,-.,n.n.h'. y
r :ﬂ.\: ."h'.
TTTAN 3
. \ t “‘l t
' - L A t
AR \H E .,,::"‘.' N
! ¢ > \
“n L . &
X -.-,.1.1,“111.1. L T TRLTR TR TR TRLTR TR TR TR RTRRR R TR R TR -,.E-:r. B e e e e L T {w. ! - L )
- . - ] ..,"\" .,._'h: .:: t - 3::. M o I
- L) . o, Q‘h..." .'I i "':‘b‘. q':‘ql- "ln ‘-.
: . A ,E» L & o -~ .
" ':1:.\‘ .:,"* - i..!-'-l-'-h'!-1't.'t.'t.'t.'t.'t.1,1,1,1,'-.'-.111.111*&\1.1.1.1.1.1111111-111--1'-L-l-l-mm.ﬁ #'h" Ry .
. [ L] -
" T . t '-"1: 1:"{* 'l". -
r " N -I'. o IIll l- H
1y "h - I:'I:'.. r l‘ " -q."-'r
. ,:il‘\‘- - l.- - "I'- ] o . ';- k
REEEEETEEE TN - r .1-.' -t _'. o
‘\l - L - ‘q. ;‘Il n '

il
.i'
.
11I-f-
_'l

]
L

I. ik - 1‘

rrrrrrrrrrrrr
IIIIIIIIIIII%1

7063

e
o,
ool

-“““'"“..“'
b,
. :
.,
/f/
]
i‘

[ ] L}
™, *
. N o
o Ty Iy T L e T ~ . N . : - n
e N i SR | >
L | ‘r‘
e s n;,'q,_‘ ~ | u" «
N "-'._-" i 1.1. ] Ca “E‘ ¥ "':-‘
“'-! . r "N'. ; 1;' }‘ .‘ﬂ"‘ f‘l'l.l: ‘l*-'
-‘h‘\. - : ;‘-ﬂ
g y ‘ "

e N N R N e e e
Wy
P ™

e
@

4
n
f
. Fa
- [ ]
r 1
ol ol i a k.
K o L
| |
¥ s,
F Y
'*.l-
*,
t, .
i A I P i A i A T i A A A e O o A L A 2 1 1 L N oI A e e e e = i i B,
"
.
*'5-
"
]
[
'.‘.l
'I'
%
1
|
|
|
|
|
|}
|
[ ]
|
]
]
]
]
]
]
| ]

i
e
rd
”~
-~
.-r..l..-r..-l:.-:.-:.-l:..l:‘.l.':l:.-:.-r..-r..-:.-:
4
s
7
/'1
.idw

L
"I‘.’"";‘.’ll“"
'I

*
"'.-".‘, -‘-Hq'il.;ﬁhhh.hh L% % . a-,.a-.'-."-.uj lﬂ.‘

Y

7
W ‘F"ff
.,
*‘l

“I
k
;.-”,.-;.f-é'

y
':'?' et LELRLLELL) 1,-.-1.4‘

F | ]
r
e i
‘1}": Sl
R
‘-l

‘:‘Jl"l'l'l'l:l‘

1
L | -
| |
L Y
-
3 | h
.y
P | " )
L
1 &
. : by .
L Ty e L R . E ;# e .
= aln ) h | q;" . - .
FFPTh e S ¢
" T '-.'t-n; Moo f‘? . -
L] [ 3 - " .‘1 L] q‘
":1‘ k 1'.'1 1”?‘ "'?‘ '\-‘:r 'h;‘- :‘.\.
- ‘1?"‘ . \\‘ ey t ot v.-"-'% “‘.:\ .,,‘"‘rq'} -“‘tr.‘t :
. ﬁl“' ,:.,"’ \.\ 1:*'-., . A b i : R
- - ‘_‘i . . . "‘h ror
. & . ’ .
. 't.-évt't't't't"t.'t.-t.'t.‘. Ty ".'*:.' . 4 m. o s WYY ,n.'t."".:.‘
. . s - ' .
ri 'l"g I-'H- .q.ll-l-l1h1-.l.l.l.l.l.l.ll.l.h-lll.h-
E | l‘b' . .\"l
A hd
I‘#}
"
I“*‘l.lh
—
#‘:.,.""
\
L
L
5
L
. L
F El'n:ﬂ.ﬂ,-!.-t‘t.-l. .
L]
|
L]
\
\
L
k|
1
N
N
N
N
N
h
E=.
%,
' F‘r lFrr .":‘.""' -l -.'-' ‘.,_. -
B " - T e = e o
|||‘ . " .. ‘ . - a4 PP T T
k F"r . N L L]
h .-‘_l-.—..-..-.-..q.p.-..-._ ey, e e e B e e e e 1-- --l.._-.-.-.-. l-..l-..-.-‘_-h..-.‘-rl;-l-..l-.-..-h.- “
':-" -k F1'fa||..-.'|-;|-.'||. :
) b L
kL
: E\ -
L | |
[ B
5 L | L]
L | L |
[ 1
b - A
! L
B i
-:_ LY L L
.-:E‘}:; ‘..i :
LY - [
:‘.":“ ’: " b
':"'t " .
LN .
~ |
L
L
L
.
L
n

r b‘
‘ a
l.'bi“"“ - ", L a
- 5 n
"r“h B B 2 "u-"n.-H oy Ty Ty Ty ey T




U.S. Patent

Jul. 23, 2019

.q'l. '.'. : 1 ]
v .ll‘ r'r . r'
'C::*, A 'y
i -t.-ftﬂ.ﬂ,ﬂ.ﬂ.ﬂ,ﬂ.ﬂ.ﬂ,-.-.ﬁ.!".-tﬂﬂﬂ.ﬂ"j ¥
1:. L3 RE
‘
?
>
L |
»
f
|
i

a
NI LSRR EE R

Sheet 15 of 18

8316

R A E R

8014

3 1 \\::h'h'l-'h;l:._r'l.:'l:'a.l‘srr‘q.‘i l'l'l.'h'h;?‘l_,_\.

N N
AR 1.'-.1;'

h n
L | .
o el e e B T T T T T T T T e T i S n-..-.‘:-- .-..-..-..-..-..-..-..h.: Y
N " N 14"" -
N -
Y
.".'I“'I I““1'.1'.‘.‘.1'.1".'.'-'.'.'.'." b
L |
R A
\ '..q.‘!
%I
" 1.?*
" “g."
" "“‘. "..,.'I.
£ :
\ [ '..h.'h.h.h..-..-..-..-..-..l---l----l-h
rl ‘.:f. "
‘_“-.
."-.
L
=
‘
.‘:\
o
.:'l-
.‘:i-
q._"'l-
',:'i-
" :“il“li““‘r
I‘:’. wr
g i ‘_"h,‘..
"'\. ¥ ,,:'l-.' ‘."‘
l.‘- "‘1 q::l' ‘.‘...
% L |
-K { p"‘"::* g‘i‘t‘*.
i L] (e |
. - b ,,:r ]
‘.I'.‘N.'hl'h'hl'h'hl:‘..hh\\l‘t‘l:’r \_":" :
.;.:' -~ "--p"mlr 1
—-mm-n-.-n-.'hm"wq. -
, A1
1
;|
;|
"h..a-..‘l
1] ‘:
5
L]
- .1
-
1
;|
!
\
.t'i..*******-*-*_T--*-****‘*“i‘-‘-“-‘l L ‘
.&h ' W :
‘hhiih-i-hhhihh“‘\ h{
L] ) |
+ L |
Y * w o
I..d...l..:h‘- .;‘ ‘
: '-u-". E N .‘1%'\-'\-'\.-'\.-'\-%1'\-.-%'\.-\-‘
; L
- h.- ‘ t ‘F‘-‘
b : A \ s
L { i ..""r'.
1 . t -
]
. - 1 '.r"' : n' N 5 -":‘
. W‘F‘F‘F‘F‘F‘ﬂ' O ':i% :_... L] ]
.r"'- 1 J" -"-: 1‘ r:‘ : ’
:::-IL 1 ‘#’ '.l' L] .:.' +_r'.. N
}1_ . ,-'l"‘l"'l"'l"'l"'l"'l .‘.q- ..- : r :' "'F‘.. :
- R .
‘*I L * i". :" y
. ‘ 4,.“ I. \‘h 'i.""., :
H 1.1 l. -::Ilb ] ‘i". ‘
& o u ¥ LY : L |
T
) '
r * "l‘ ‘ L] [ ar
, #" ,;1:‘ l-{ . N ﬁ:
N " oy ", o .
l:l"“‘l."' q.;'l- ‘q, N "
" L y
, ’ :‘ﬁ."' ':." ™ : -
- W o y .
Dl ) b | . .
:"‘i' .-I : : - e e S e e e T e e e
r
s y
e T T T e e T T T T T R M -
B l_-h.
b
b
b
|
|
L |
N

US 10,358,333 B2



U.S. Patent

TR AU YT T E LT EERLT

+1i--l'|-|-|-1i|"!-i-."

Jul. 23, 2019 Sheet 16 of 18

U LS

IIIII"I.\IIII‘II’I'I‘
F

:*ll;l'-’: r
b
O
.I-‘H
1
o

y ';
‘
¥ ‘hﬂk‘ "i‘ ) ":;.. 'h'E ?
1:"' L | '!-!l-‘ "" ‘_‘ " [
ey - o .
- X S : , Y
1 iy - ; A ‘n\
| . F
S I 9 B 3
N % ; .;l"" 1 N r
o ¥ & . -
- -.*1.- 1:' “l‘ 1
DR B o
I:' .‘_1:"' h W q:h
.:" - ‘." "Il‘ \
t ;1- L e, 1_1." 3
S E’\ T
& &
P
N "
] L 3 -
’ e .
tf} #k o
" - ot
I el B
1 "‘" .;':: a
L ¥ h u¥
:hb 'l 'y #ﬂ‘ :'
L A3
N n &
= ' o
- 1-"‘ o - n.'!." :
"k LI A *I.-
;‘:" R N
u L]
¥ ]
e &
3 T
'q:'l' L “I.
P 1 e P
o = ._;:.‘ - .
o -* ‘h'. - . ‘{
T A 2
L »
e e, M e e H e :;.*'" ,;‘J 1"'-
. I, r Tw
- fxq, .,;FT' L
W wh
{ ,_.‘- 15"';".
o< EREEAERR LA R R R R AR T g
Gl & T
. - #‘ﬁ
Yy kp{ ‘#" i
; = AP
- :
" "
‘h_h"ﬂ'-"l
b,
o ey
.,
r )
|:“

...'-a.,'-a.ﬂ-.,-v..t,t.,'im.mw,t,uuun-:-,m.ﬂ.ﬂﬂ’*

. "
5 ey Y

aiZ

B e, gl iy ke e i, ey e iy i b ol

-
-
‘-:"'r
-:'l."‘
:; A"
-t
. o

F Y
B

Hog ey Py

‘igure 16

US 10,358,333 B2

Bi1S

N T T L VL T T
E N ) 'i"‘ ~ “_"l,,*-
. E \ &
2 h '.*'h- -.,""'u
'\\ Y W
"-‘-q'i-'-_-'-'-'.“_‘-" ny ‘.‘
- B
T [ ] "-1‘_
- ._.}
a ,._"!
:; . \ WY
. i\ . "'u._ %*-,:"
ﬂﬂ" -
Tty t "
r"‘}‘.ﬁ.\,ﬁ..ﬁ.q.".ﬂ.i.ﬁ-.ii [T W N ] ]
:‘th". A r""- f}}.
- L oy &
A IR 3 ;
hﬁ ‘E‘: e "r l':M'l"lr b
e A e ey )
..":. R PRl B . i"
L | i} r
3 %:-.. X, ..;\: ‘13
LI ij_d a li ‘a
S B : N
Ay T amimah, ¥
i k ¥ ""' 1,‘ ,.'l NN E R E LA R RN
:q| ¥ i""l.._ilr.ﬁ"“ ;"
by o
. - &
% r )
& *'E -n-.'i'“ﬁf £ :\T i-;;"
- . 3_!."* % _lﬂ‘i'
1:.‘1:‘ I‘H"l"h:l.‘l‘l-"lr“‘l 1|I'l|.""
$h, g' -
*:t -.rhdlﬁll-l-l-..“ +
ﬂmﬂgﬁnﬂ.
. % - +
g g
) LN 1 h‘\ e - L3
y : 'ﬁ“ 1, ’
u i
[y ol
S t
i‘ s .,:I-:‘ X iﬂ LN
L] . L]
< " » - hy h :
Py ;; W ..Ip ‘ 9._"1":'- o B sl e B o b s b e o e e e ph e Wl e e b . i ook e o B i, e T e
‘h‘:‘ 1‘1‘;-;. [ { \"'L‘} ':
- R
b ] L 3 l.;.
ﬂ? f“ g >
- :L h g o
LN M - o
'H- J.'-’ L] . " ".“:: .
2 "Z‘;l <
Wt o -
S AT #4
L] |1'u:‘ N b o "“
g i s"" .
“"4* : '.
&

L H b

RN NS
L

:."'-‘#1‘
A

.-;L.Hi..'h.‘_l.'-qj."q L J.__r...‘-p‘_..
e

. ,i-.._t-"‘-' " -

L L R L L

i



U.S. Patent

B4

P LT

1831

L
e n o 4ty --"
L
b |
J
# -
A T
; L L
E‘ ‘1: ;‘q:‘:‘q;: - "'n..'l;'.'a:ﬂ..'i:ﬂ:f b_{-ﬁﬁm ﬂ:-l-‘-rh.':r-ﬁ:'l: *ﬂ::'-‘ﬁ-:rcwrhﬂ-r--h-nm--r-h-
X ."q.f:v '

R

A 'l.-l.“il.ilﬁ':"'l.'hn.'\l.l.l.'h'l-lhi-i'li-

l;:"‘il. L lh amit Lk s

Jul. 23, 2019

Sheet 17 of 18 US 10,358,333 B2

ZanaLLhy i

N R -:-:"1-_' LT T e Ay e e B A, ke T gﬁ-m-ﬂfﬂ;ﬂn\_ﬁ}#h‘_i—'w‘r*n‘_r' - \E
r -’
IT‘ : rl:“ | i ﬁSﬁ
N - 4
‘L:i‘ J_'-'_:‘l' .a_. .
N .
e i‘“': R
LK. | L] -r T
i;: i ) v
X 1 )
:i-':;"-:q} bE(:J.l o
FS .ﬂ‘ J‘h'
e DA
I

M OH
=]
Srerir
(Y
i

A,
Wi
o

um waad o TE RN LU R MY R AR U Th o
-

Ill:h' LY a
IL‘- I:: ES h‘ li"
SRk Y -
¥ ik ) o
L TR 1 ".‘_ 5
- E‘.ﬁh L Py *lr'-
*
S8
“Ikll L -
] -
T Ty T ‘ LR "::" .
|r .._11... v ‘;.
1 & ) -l,. .
:-. "‘," l.‘ o - T, ""."",
4 ¥ n
1@48-: i . s :
M n . “
t“' --k‘.i.I ,\": ‘-‘1 H‘H *,'_:l----------
T P .-rl:" I:._n':: '*’: . _""\-H ""-.* :"
- | r n
.:'u'*' o v - s "*
. -
l,.‘l. g -I't. I|_J-" ‘1"1...
“:I.‘** ’5“&: . .1. -.‘h I: I::'il l..,'-.... l‘."\...-.lu'\- ?‘1.-. n.-.‘.‘-u.q,.q.:,r‘.uq. w“-n,hryﬂ-‘x
‘ﬁ“\ l-:“ 1_:'« h ';h-h‘ ’ﬂ.‘3 -‘J.‘ ‘*\“‘ “11 - “l-‘:"‘ - roa ‘I'
nr -y -
: “t""-., ":-"“ ol b-“."‘sq ; &~ - W - N are iy
* Ll .
{".: J"-..'5.-'.'.*" "*‘r&‘.""tl"\‘i“.‘\-‘h‘:ﬂhh l"""l.;‘ l"'l'hl.-i.--l.l--i.'l"l.-l.:q-l.'lq.hi.lli.qitl. l;:h.lul,"hh l--l-l..i-"i.:..l'-li -._"1 “a i‘m‘;‘?’f"ﬁ“:‘ﬁ?ﬂ"""l -.:'" .:-'
n"‘-u.‘ e %Wwﬂ“f“‘t‘nwﬁ'tﬁ‘rﬁ11‘1’11*-’&1-"-11-*-11-‘111‘11:111-11"111111*&1-1"111"!-31’&\1":11&"—' t"r"'u'-“-".x :‘\-; ™ e ahoo gy :"'. M"-.L ‘..,"'1
B 5 TS
" r h.\.‘
F e 1 o
Vet 1 y ] B
bl 1 N L3
’ '::":L::‘_h__-' 1 ri'-.l‘ .,:rh'
q""l. -.-.,‘"""h--‘ K] [ n.-i.lr..i.-l-n.nl..-hnttaithin--*tn*--*tt-i- P -.i--..i.n.--:.i.-.--.-.--.n.-.-.--.-.--.-.i..r N L L -. =k ra I"l-+ ""1.
*I.-..,"- " e ] 5 v * - [ " - L P | o’ !\{‘- .
+1"ﬂ-"‘|iil.-l'i-i‘t"h‘ll."-l'«r"‘l-"‘ '!Ii'ﬁll’hllﬁllI'"li-"lLlhll*‘ll‘lh““‘hlﬁ-Il'l'-i*‘-i'-l‘l.i.-ll.lb‘hﬁ--l.ihll- I|I91..|...-- JE -l _-.-.:.i. N.#..q-q.ﬁ.- H.'h.':h o ;‘\r :1
-;'. ‘_.‘; ".. {a f‘* ﬂ.'th LT n 'h:"
. > L) ".1.-.‘ w ., n L
- r ] T - - r - i-" W
", “':‘kéz’:-_._-.‘!.--. N s ) o
[ ol ridnsh W 3"t A Ky 1.,;‘
. o *q.'!‘h*..‘-.,'i.i-.'lﬂ- ‘:...1-'-.1-"..': ",‘ i o ,,hn,.:-.n.-
"i" :r -ut'. _P';*r :
= e [ '!l‘? 5,
™ [
AR R R RN :: *1_"" ir ‘h;-:..
] . i +
Fhlf-l'r b h ok w choA hr'!-'I E ‘.-I"I ‘_'F'Il:
] + FLEEEEE Y
X C R
L LR e
|_ r‘ Y ‘-I. LY
LI i o L
" rl-* Wt
b g b g ey My g g, ey, Ty By S
--ll'-||II [ s
8
& ‘
*i“ﬂ‘nlﬁrinh-- W
T L b T e
‘Lia st :i u 4 o 1.._ o "n pr t:\u".,_"
O Ml ;." ’;:"“w. LI sl - .'E::.“"-.. . - ARt
' X " o PR 8 Ta
s * ] r l-i-' :?' ‘14: L :*-‘ - N & e
l_-_h_! W "u'l N '." . w { n Fre,
- LN H] [ ] .+ - ] -
S ] L] -, ¥ r- ¥ [ 9 ., -
a'm ] AT -.t A ra'a L K . LI
oy b ! e *4,‘ AR R R R Y Lok 1 .
r "L"';..hr L. L} - '~ MM s q_-.i{' --1': . b LR 3 e
* - oy .::_ ‘!- r “g l:"r ‘1 L :r - : r + "
. £ ., e 1‘.- . . . . r S
¥ L i.‘l 'l‘ . ", W +'\.. [ 9
' - -3, ., " " _. o } s, \\
i r E:‘ '..-Ell"'ll-":.:.g'.I Y 1.: * : 'ﬂ‘r 19 " R E :: "-.1_ .
IR SEAE I O R .
1 W . ,". t ;: '-.{‘ oy S : ol ! ;,.
g L] . Y T .
P Ty k na At Ty e W “' 3 otk -
¥ . nt - | s . LI " [ . T i ]i “u s
~ . . $ " S b A S
g E I T TR T L el
] l" '\h b n ke L * [ p."-l."l- ¥ "".. .t t1 .!
' 1 +_1l N ;: I‘\r.l: l{"".'. : ¥ ‘_ ""."l: '.: . i . .". s :‘!_. Kk
¥ . N - . rh . N . s i
1 '1-". Y "- L Tt o a L] *l.- :.'.: [P T T O A P T i',q .'- -"h * .
1 ] S W % % I ") A [ _E‘-. 1* N tqhq T +1'~'~‘|
. -'l.-|'-| I : r". ::lh'-r : }-I. : b - -L Lt: ¥ * :“ l"*i I"i 1."l- 4'1 e
" Py oy k 1 ' 4 " N Y "u . .h'a'- * 1:1 L) TN - T . [ 9
o . % S - *
. S s s SRR S :ﬁ O R AR
-rna-rn!q“r"‘l‘ﬁ"l‘i‘k!a!"ﬁ"‘!-‘i""\l1!h*w-ﬁ'q,..‘ i "‘ll- l " }-uh }'_ ::. § : T 5 "‘ L l-*-i-‘l":i' ': J'h-. :-.:l.; ._-..._h_“-l'i
a "In-"\r o "\-"‘l; “u, *- *"" l 5 y oo i, N . r_‘ t .:-\r L '.:q-"i_ L - - E o - I{.,'
T e AELH r»hv*-*»“ﬁm";%vﬁ.hi =t A x;: e LT . :ﬁ'-.h"ﬁ%'ﬁ“q ::'-q."f* AL v . o
-t - - LR -
. - S e N -y > mtﬁ_:,:.:.:.:: :_..-.-_l.d - ;-."*.‘_ :.r :L ”: . T ame "1-‘.:.‘..',.:1:'1."'..‘ : . 1:‘* o % 1:‘
bl R NP 1. . . b % PR S e i i Y T T
- Y e ‘;"u.ﬁwn-.{-.i‘* oo CTT ™~ i‘*ﬁ?‘ﬂ.ﬁx', S o ron
] :‘r - l- . ‘- *1"‘ Y "-r 1" a ¥ L._ I:: amt :_ i :"
L] |- l'. |r_|- L] -L-"' . [ 3 l' -‘_.- ‘. - -..1. " -+ r --‘ I‘
; R N S A T A S Voo v e L el N . R
* L] . - . r o LY W Y o oo r !l ‘tq-_ ' :: by
:-r : r" I'h:'h"-- '."t ‘r' -: - . "..‘ % :‘:'-.-‘ r"\'b: *-r‘ - :lirT :'|'I 1 W w ‘L‘
RO R i R R E“::"k \ L N AL R e R . N v
W o La 'l * ' . N N u 4 a Y
- e A L ' I A e S N e L - AHE DTN
[] '“l'“lll--i-ﬁ'.:._b.,,_ L = .#H_-I_!l LA [ W) LN "1- L% ] :‘ht'ﬂ."- A L] LI L l..l-'a 1 “'l"""'i-'l"‘l"l "|l'||'||ll|lr*'l|"ll-
L] l'l"“-"'il"“l.-- - * h_: .. tl‘l_';“-.- e I T, b l"‘.l-.-q'i * e i"‘l‘h"'::'t N " 1
' “'-""'"\' L b L L] h x L] I|I‘l LI - - - r""l r ‘l-"l |
’ i i"ﬂlh- . W e J"i-h % [ a“ a |:; :: L P T, B U PR " 1.. ‘g .
{ . . LIE) -‘:1 * i.i ::_q*' -.:"-.‘t::‘.' 11'? .;: . |.""-I-"-'-"- P ] 1"'?“:E :-' - M : l.'-" ‘"ﬁ- 1‘ 1.'+ 'lL " A iuw *u‘r‘“.‘*i* A~
h.‘_.ﬁ_‘" RN RN L L - L ] - - N - E L 3, - L 1 1] . L S -.----;l_---.-q, T 1-.-
‘:hrr:.“*“. ;____._..q_h‘q‘_.h_-“_..---.‘----i-;—-. -.::'I-'"h'-'-.- " E-‘-.-‘L" bewas R : -~ .t : drre “‘.\I * ""q-':-:: ! :#;---t:------..g_lﬁ_ﬁ_&
;i"‘u."'-\."-"‘\-' n T EFRAER o "u - L - _1 L= ‘pq._ ““-qri.ll:\' LA |_h-“ - __11_-‘“ - 1‘ - r " [ -1-,“1-1
- - “1- . L1 - J.‘l..._..-..-q_ ‘? E - . - Y e . mmm b h L b - ] l|':.-.;\I|I +,
[ - l"-"‘ - L i."' a.":"' - ‘*'- } i"": .:\'- .t :‘ e r".' -‘T i.‘+ :‘I1I ] W ‘:l-‘-'ﬁ -"-i "- T :T+ ~ ._'r e -
v o 'l""|"‘l"l '-" ‘-i (Y T +"|. .._1: 1 :'l-: *i"‘-r1 " u" .r' " L] 1-‘!-1'"" -4: ‘r'.“.h * T l. W P L :} . - .
:- . et " : ) h: "'l.“ . . ;H'q " n ‘:‘-i .‘:' " - i *1-‘ .-i‘ J K - '-.-1' ' "1‘_ - * 1.- - ‘-‘ v, . .
' W a T w o e T - - - - a - . Tu a” - .
FFE A R N L N S U T :
w1l - 1. .-tl-"r . '-i-‘-" 3] - 'll-r-i"i.: B T 1-.'. +i|" ‘i‘ .‘++ AT ' ::'::' "'-.-::t-. . " *a :ll' : b " L]
el A A W sk L r S . u a N ToweT " - et a” " - 1 " -
e - "“"ﬂ-". : : ok S ‘;t'\-ht ‘hii :-"l :‘ .7 ,'_'\-'rw-‘-‘-*r*:ﬁ-'h’:'-‘-l*:-h ! SRS Ty " ': I ™ " -.:
4 -l.r--r '-:"'*'-‘ rb el et ‘-F 1-.:1.. u.l-." F--‘ _'I. - ‘:‘.'I-Il I|I. "I.- i.h.. F\‘-I..l - *r W :'i : Yy -iTl- .
' L [ TR Lhh hal '....,l:l I-J..".-.r_l.-u-.u.-...--..u..-.i....,- oF M n” "W e g T a z . TR
l‘. -rr-'"bl“ Ll'--'-'-i\q-. b ¥la L - rrlrt‘ - i' h--._n--:‘-u- 1 [y +-Ti.111-.“-"-.111r- - Y mm T AT FT OFETEmT O RTEWwm W
t ‘I‘-:ll- ‘; - -.,: {111: PRI I N T R :i.ibiiti ‘l.‘-:?:lil-': i ‘_ l,:; |_l H ) ! T
PR AT "'n-‘v"'-r"l-q:q‘i-"-. .I‘E ' ~ L v 1, LI%H‘“ . " .
1 -k ] 14 + L ] 4 r r L
v ohd \ 'i- L " ar " L , by 2T LT . - »
ot ramuEY _"'l-i'._ I 3 (R I I u, A - ‘. AT, I-hl".'ql"-"'i -1.r X,
‘l‘w -"a"i ) +a"':: "-‘l-ﬁ- -.'a."-.’ll.n--l-‘:.":.‘ t::;_‘l "::"' b "" . : :l:'l:“"""*‘h }"- -..':_‘Cq:':r""'-r‘h 'I. T YL A E R R T . -+'rl. ;
u B PR } ? 1 -m".r"‘!..I '-"i I [y *-" A ": LY l"."' .:. T ome 4y "
.II" -."I-"L Py 1-!"-. e -"lh".t. 'l"}l" i-‘--q: :- -hil.tl-l.:-' A L e 1
. -t I L . T "ll;'.-. . 11 I e S Tl £ fa g
N e ﬁ-\‘r - LR M e T, -y e ] [ :g R e + b -
rm M :- € FEER TR, m ok “a tx
ﬂ'; 1. :E‘-I i:_ o 1.':1' . ..::.F:‘ 1‘;..- Hr T wy 'i:"q....-..-.nh_‘-.-t:':'i'.::q-. r"‘ 1‘. ."'._ i"l-
L] - - - - ]
~a"t *"‘.. - :-.-' i' r et - L] Ly m . ?::'1- --l"lil.‘_ LI "
mEemsrumEm T UL medl i:l "“,‘."“ » ":' :h':'q hﬂ"bh-.“.‘.‘b '\l: ?‘-F - . .
- - = = . - -, N . . - e
. AL o e T MaUNn VW LR -
r T T Y LI L T W Loy . b b T 'L L3
LY % W e, - d o+ n ety a 1 b a " 1
. - . L, k9 e ‘l{ . "o . e
W R ¥ et T 25 Ly
e ¥ Wt e o i
N ST e P DA :
-1 r b LI - L] r
r‘ i . IIL*‘;-:! i e . ‘::: ‘H.--"i“:h t"ll
y LY -‘1-"'1.--_1*_ . T e »
. \ At e e T . ‘h'l"-1 e 1
L ' LN T LR . - i_ 1= -
] %\ !{- *._i-\, :*q:"«lht T utr"l- -.-t-i-. 1‘
L " l.rl LRI R - wa ‘h‘i‘.“‘rt"ﬁ‘-l -
- Y ke L R e -
o 1'1.-1_: - ":"‘.." Ve "I-‘ T .:b'-. L BT ;
*u b i ::':{ i - I:I li‘-‘ 'l.: l.""'i' 1
. b P A Y TN Fna, . ‘_iq:_q‘ - + 1 b -
- \ |-I| r*. l.*h'rqh,: Ll "l m - -:"-. ERR N | L "
u L) .“L"'""L'\:-a. L v ‘1'4"__ "-:qul -J|-_a.-.-.'| L
+ qh L e -"\l"l.--l._ - +-‘I|l- r [T | +
1, ?ilh.in.l-_‘.'l —uroh ALK TEu. *"""""""\-\.1" + T Aeh n.du.-hd.‘h_"l " -
s Y ateE . R, S ':' AT e 'y
B Ty ot g A b -
- -3 i 1...: l..: « b '
T 1-.-:-1-:5- I"t.'n.-. :‘q ir‘--dnl-f T
it . - b LT ., Iy . .
. U ""H\ - e n, T B 7
. g " - . iy on . o !
T, L] ++"-"\--.-..-|, 1 T-\.“' £ T
“u "ll"' ! Dl S [ 3 - a Il'-i-.l'iu W
I|-I|-| an o L " LY i’.l
B b ] L]
-‘_‘ ':‘ "ih-_il:ﬁ‘. ‘.."
" - :‘:_u'-"" _ ‘:5,:1 - -
e e o v -
f :::l:‘h.‘!b o R " o I:'-" 1*L .
e s P - - T om Yo ou . i W
I'm hr 'r“‘l...-.__-.‘ LY - I""ll--_“:l -
T b+ TR L S . o
b " P -h';" "Flam t et
' ‘J'l.i. El Ll I'| * -'f. .‘ ‘1 - *-*.-
L " e =t
b h.f" ‘.:_':.1 - R ik

T - . Ll -
R e e T S

18

L

Figure



U.S. Patent

Jul. 239 2019

Sheet 18 Of 18

E J
* f
d-.t'.-ﬂ.r--n-" v -n R R
“'H"m'l"ﬁﬁ.h.:q h-._'..q W ape Y L :.1’ I BT I LA .
\N\\\K‘ .,.rJ.H-. . :'r"- ) “1 e, .
. Ea SR s, ‘h\.‘" .
o ‘,'l-..,"' " - 'q-" uq + 'Hﬁ
L a- " rl:l“ o ' b i“ ™ 1-1
ST . a" .
t‘ﬁ." . e - " 1-‘"|:' h:;""'-
2" r 1 - 3 " " » e
. ‘d"l ‘,‘ r . iﬁ L L L] .ﬁ_
+, e N - et R 4 T T
4 ‘\_‘l . ) 'r" L] w 4 S -
. - ¢ 1 i F
. o 1.&\ L M AW
- - . ! 4 " L. N ¥ LI ,‘H‘_
B, b . 1 n 3 "'1.‘[‘ 1 [ b - -
S . 1 T A 1 B ] +
s L 11— . ;- i H.': LY WF Y .
5" - . b &y I, | -LN
“.. %“ ~1- = e, " ‘ |I 'I- ~ .
i * r JIJI- S e 1 & .,,'i? L] .i\,._
.."‘ o 'h'l.-“n;:;: i -r"‘ 4 " : '\‘\‘ : : b-" & ‘-r
Ty, . = k] A
o o '-“':-'T‘-"..‘ ;X ey e 4 1 a'\." 5
- & o \. Ahhea b ANG . " A A . N
,._-:"' 4 Ly ATHTR R AR A 1 - :: *'yc :: ‘{q;"" : o,
- - r
"‘_’! y :'1- ’.r_ e ":"l"h"l.,-. ™ ‘I_J. 3 vt %, L [ '.':r. iy '\.:
+* - “"._ Ayt o " A, i X 1 " - .
J':‘ 'H.‘_ 4 y r.' N B * il 1 & ".‘h '
- e o :"I. Yy i\_-l u 1 4 . L ] Y "1,_‘«- o
a" = ' by " r + e - * - 1 n [l e e e R A A
] “'-u. £ ' - " " * w3 N e o i
h -1.' 'll: * ' ‘i-' . ¥ 4 * L A i s **"‘"""hirhﬂ._hq‘
4 - Fr— T uF - 4 3 E " Wt ] o 'h v
1 B & - 3 - A R - "“q.:'l:- .
‘5,' 1 'lb"-r.\ll 1% ‘r‘ ;l' .Il_.-“' "'... 1 e : ::. "h"_ +_* a . -:.:". :""—_':'- -l,.ﬂn.."_;:ﬂ' 4 J.'lc
-~ '. L | "o 4w N R LR L 4 Fa " o - 11-1......_*_‘ l'l-----.l...__| 3
: RN Al ' SRR S R et k
u Tk . - " At i LY
" ¥ ‘I-":ulx Tk ., - o -:'- . :. w b -qq," T : {_“_
. ] e l.'-'._ e - AN . a t‘l - n Y T ] i
+* N o - % Iy o Aty b 1 "" L] il MU e e -.|,"l-‘
-~ 5" Pt NN T g - 3 e - = A . " L
L Ta T“"‘H—F—‘:—r‘ . - it L L] wr
b L 4 "amh ’ ~ W ] ‘
> > P b e ! y - \ 3 \ 3
W‘.HWH‘M‘ "l :r . .',b i R L E‘ _‘11- . "'.lq : j ;‘q\':" :
a - N
P i )"hl':'l-"i-\""».-"' A, :'-i.-r-L .'- “\1 .Ff-qi :"l- -1'-."1' -.L.rr}‘ -1_?‘.*‘! a : ; ! :
f ' -L-"i"'-'.‘nh-d - :.:- F o .l.' n F. 3 T t hy
r L
+ ‘J ‘..'? :h 1 h : ﬁ :
a . - . N
S - 3. ; f‘. s ) o]
LN - - . ; 3 . L3 o "l“
: *i. ‘li I "H.' LE \__I: *.:"' vy
L {. :. 4 % - ‘n\.:,'i' =
' ¥ ; ; v L:‘r'r
l-F -p'-‘! L iy Rt M
[ ] W -|.| 4 3
. N i E: 4
-!" ,.'i' i‘."' 1[ 1
1 . h } N
1 1 = -~
F i S S -
1 11' k L -‘irh*.ﬁ,,.
:: Al 2
in 1
N { x 'y ih*"'“‘-—j'.'
:'; ; -r:_.!- ."., r+r.-.|.'|."l'--.._-...i: ,h.‘_- . 3..--1- E ,_'_ .
L | 5 = = r 1
] aT \‘. % #_'::q: l‘x‘ - *'l.
- . . P - . W pE r
i SR i PN .,5“ :
s . "‘ . 1_\:".1 ': ST .': ‘.\_
; P t""--'I::..'_l < 3’\': i"i- . - ut ..: r.;"lf‘ '-l" I"'H..-:."'
g '-m L . AT - .
4 Ot > 1.‘} - ‘: u‘.\:: i". .-'r:“w;::* - ,"i' ,-.“H :.'
hy et T - T I ot W1 ‘1-" . *.C P o N
b p‘b - i‘*r l-'\'-' L] . ‘t‘;. i n "" " ‘ t;‘“ - ‘-" \;. "‘ .L
- s S X IR | N I et . W
. o . RS atak Jm '
% *‘i"l "-hil;,;n"" ; _4"" 1 L; ...."': i -t -q,._‘_‘_“‘ N .4." .Y
- ? ¥ n..n,.
: N - o) v ' v " A )
::' -_-‘;..-. i:._'h . ‘iﬂ‘ I.‘I-h"‘hh""‘"‘-‘\t""-'l "ll}\-,'l.-....__‘__ X - 1
» - - "'"-*-ﬁ:‘- . e
“ . \‘u" :': v E L R ;-. g - - H
1‘ ‘:.- -~ -k !’ E Py + - "
- '1-" ™ 'ﬁ"‘- '::. :+ ; i : e e ‘.r" :‘l,.
A W 4* _111' " Lk 1 x, ,"-"’ o = .
-I-..--"\.E :-1-* - : :‘- [ ] E ) b ,.ht- _r by - .\.'1_ -
"ﬁ..'r by L] {-ﬁ X I‘ % i LY :-11. {r"- .“tﬂ"“"-‘ q,:' -
o &, . B t BT . )
L A . - i R o L'-i-.l -
N = v, W b ? A b "-“ ::' LRl v
E ol N \ It I 0 #‘""":‘
' - PA— Y H Y i - bl :; -
- o ey g . - T
r 3 "‘ * L] M LN
’i: --"l‘II -i._"' - : L LT t % :":l: A :l.
., v L] L ) ™ 4 iy oty
1‘ \1“ * " l'“""*hz..._ﬁ__" o N {i.‘ .
T
v R o 3 T b, .E y 3
~ & P PN R ¥ A
‘h LY L | L | - . ﬁ “' u
. " v -} - i S2 B RN
v at i y r T Ml .
- _‘{, A T * o, .l-'.,_at‘ .
'.'\-. » s : }I S e L o o :‘ L
_ g " e 53 i oo
"\ L 1 2 R T St - T b L k-
: ; Pon e I
ﬁ‘b ql' 'l }'I ] L i LR \ .‘_"l
W u . e L% "t Ea N .
. 1,\...1,3 , £ 4 o
""h " L e H q‘ ol
x - An Lt A . ™
: - { g .- 3 Sy b
r b T
. 1O o et
i + oy gl ey . ar ' "hﬂa_ﬂﬂ ';: - Tt
‘...1,' - t 1 ':'.'-\.-iul-- ala o lyt g - . T A . g { ?hmrﬂ'"l‘
. x A » T [ B L . N g, 3 '
- . RO L e ' ~ % h a i
[ l: r 'y - e %3 LY h - — ¥ 1 4
* - M o AR TN . ‘:_"f,;""a-[‘..‘;:"* L
NP N S : : o oS, b
T * 1 L, i.. e Y - L o~ )
W, K h L . L b ‘ 1 sy
R ] A . 5 ¥ el
.,'\ i f g by b.- P i { M qt- n
a g Ko t P . " Ty oty o
B by ,.-,-.,-.._:H. »r LI Yy b, At
4 e ‘h el ] K
- e S el = { >
s RIS Pt .
- “ - -
. 3 }.E 1-1..__" 1-F tq"“'-w,‘ L -"i‘.r Ak ok ke
e ot LR L R WJ
. ?11‘ E'I‘E ‘1‘ N . 11* LR L WA
'.._:' [ l._!-: :’ T LI :":
- i
& L t o
" " » e % . o
‘I . k L] ", i 1 11 a7
"-. ‘.*.‘ * "'1-"‘-‘ r -H'
-hhl " k i h ‘.'."":nqh L] ‘*‘
- - . ] - - L]
[ *".xx b‘} .""tq.._h : - ~ i ‘n-‘u'-
W ] - - ] Lo
— " 3 e, R ' 7
---- _“-‘-.‘ "'. . [N ¢ - - 1"-‘1- . ‘a:.'r‘
- - - ‘::'-.. FE B m e r. :."..‘
H"‘!"hﬂl-.": + *'""-1.__._ K _'#‘.ﬂ"'
ot ~ ot
e TN M
" 1' '.,u-:' st
E | "I:il--.- "l-"*.
AL

T e E
Tew oun ""‘H"I'q".."l.'\_.--l-'\t

-
e P

‘“dgure 19

US 10,358,333 B2




US 10,358,333 B2

1

INTEGRATED ALCOHOLIC BEVERAGE
FRESH-KEEPING BARREL SYSTEM

FIELD OF THE INVENTION

The present invention relates to a beer fresh-keeping
barrel, and more particularly to an integrated alcoholic
beverage fresh-keeping barrel system.

BACKGROUND OF THE INVENTION

Draught beer 1s a world-renowned wonderiul work in beer
due to 1ts “pure tlavor, fresh and delicious”. However, since
it must be sold and stored in complex and specialized
equipment, 1ts popularity 1s limited and 1t cannot find 1ts way
into every family. Although cask beer use fresh beer
(draught beer without being sterilized), but there 1s no
enough pressure 1n the barrel to maintain the content of
carbon dioxide in the wine. In the process of barreling,
transportation and sale, the wine may be in contact with air
to oxidize, thus undermining the taste and flavor of wine.

With the development of draught beer containers, 5 L
draught keg introduced by Heineken makes up for the above
defects and can keep the quality of fresh beer to the last drop.
However, because the wine barrels cannot be reused, the
price 1s high and 1t 1s unfavorable for environmental pro-
tection. Besides, the carbon dioxide compression system
(fixed with glue) included in the barrel 1s mixed with the
liquor, which makes consumers suspicious of the hygiene.
Theretore, 1t 1s urgent to design a product to solve the above
shortcomings of beer packaging and to provide low-cost
high-quality fresh beer for consumers.

SUMMARY OF THE INVENTION

The main technical problem to be solved by the present
invention 1s to provide an integrated alcoholic beverage
fresh-keeping barrel system. The system 1s provided, from
top to bottom, with a gas storage tank, an alcoholic beverage
barrel and an ice cube placing region 1n a housing in
sequence to form an integrated structure, and 1s compact 1n
structure, easy to carry, and capable of keeping the flavor
and the taste of drait beer to the last drop. Therefore, 1t can
be widely used in various parties, sports competitions,
restaurants, banquets, outdoor tourism, and other places.

The technical solution adopted by the present invention to
solve the above technical problem 1s as follows. An inte-
grated alcoholic beverage fresh-keeping barrel system com-
prises a housing and an inner container wrapped by the
housing. The iner container 1s divided into two layers,
comprising a gas storage tank located at an upper layer for
storing a gas and an alcoholic beverage barrel located at a
lower layer for storing a liquid beverage. The gas storage
tank and the alcoholic beverage barrel are coaxially arranged
one above the other.

A gas channel that can be opened and closed 1s provided
between the gas storage tank and the alcoholic beverage
barrel. The alcoholic beverage barrel 1s provided with a
liquid outlet end and an outflow liquid channel for opening
and closing the liquid outlet end. A control system 1is
provided above the gas storage tank. The control system
controls the opening and closing of the gas channel and
performs linkage control on the opening and closing of the
outflow liquid channel.

In the above technical solution, the gas storage tank and
the alcoholic beverage barrel are connected by soldering to
form the integral mmner container. The structure 1s more

10

15

20

25

30

35

40

45

50

55

60

65

2

compact more convenient to carry and transport. The inner
container 1s covered by the housing. On the one hand, the
housing can protect the imnner container; on the other hand,
the space above the inner container can be covered by the
housing to accommodate the related components of the
control system that controls the gas storage tank and the
alcoholic beverage barrel. The space below the inner con-
tainer 1s covered by the housing can be placed with ice cubes
for cooling the alcoholic beverage barrel so as to ensure the
taste and tlavor of the wine.

In the aforesaid technical solution, “the control system
controls the opening and closing of the gas channel and
performs linkage control on the opening and closing of the
outtlow liquid channel” means when the control system
opens the gas channel, the outtlow liquid channel 1s also
opened. When the operator uses the integrated alcoholic
beverage fresh-keeping barrel system of the present inven-
tion, the gas storage tank needs to be filled with carbon
dioxide, and the alcoholic beverage barrel 1s filled with a
liquid beverage. When the operator manipulates the control
system to open the gas channel, the gas 1n the gas storage
tank enters the alcoholic beverage barrel through the gas
channel. When the pressure 1n the alcoholic beverage barrel
reaches a certain value, the alcoholic beverage 1n the alco-
holic beverage barrel 1s pressurized to tflow out.

In the aforesaid technical solution, the 1inner container 1s
covered by the housing, which provides a protection ellect
to ensure the safety of the fresh-keeping barrel during sale
and transportation. The housing may be made of engineering
plastics, and the mnner container may be made of stainless
steel.

The control system 1s provided with an actuating element
for performing an action. The actuating element has a
seli-locking structure. When the actuating element 1s 1n a
seli-locking state, the gas channel 1s disconnected and the
outflow liqud channel i1s closed. When a first action 1is
performed on the control system, the gas channel 1s con-
nected and the outflow liquid channel 1s open and the gas
storage tank pressurizes the alcoholic beverage barrel; when
the alcoholic beverage barrel reaches a certain pressure, the
liguid 1n the alcoholic beverage barrel tlows out from the
liquid outlet end. When a second action 1s performed on the
control system, the gas channel 1s disconnected and the
outflow liquid channel 1s closed. When a third action 1is
performed on the control system, the control system 1s 1n a
seli-locking state, the gas channel 1s disconnected and the
outflow liquid channel 1s closed.

A base 1s formed below the housing. The alcoholic
beverage Iresh-keeping barrel system further comprises a
cover. An upper end of the housing 1s provided with a feature
connecting portion for mating and connecting with the
cover. A lower end of the base 1s also provided with another
feature connecting portion for mating and connecting with
the cover. When the cover 1s mated and connected with the
housing, a sealed space 1s formed between the cover and the
container and located above the gas storage tank. When the
cover 1s mated and connected with the base, another sealed
space 1s formed between the cover and the container and
located beneath the alcoholic beverage barrel.

In the aforesaid techmical solution, the cover may be
provided with ribs for the user to grip the cover conve-
niently.

In the aforesaid technical solution, the feature connecting,
portion may adopt a threaded structure. In one embodiment,
the upper end of the housing and the cover may be connected
together through the threaded structure. At this time, a sealed
space 1s formed between the cover and the mner container
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and located above the gas storage tank. The sealed space 1s
configured to accommodate the related components of the
control system, which plays a role 1n protecting the control
system to prevent the control system from being collided
during the transportation of the fresh-keeping barrel. In an
embodiment, the cover and the base are connected together
through the threaded structure, a sealed space 1s formed
between the cover and the 1nner container and located under
the alcoholic beverage. The sealed space can be used for
placement of i1ce cubes to cool the alcoholic beverage barrel
so that the alcoholic beverage in the alcoholic beverage
barrel can maintain the best taste and flavor.

The gas storage tank and the alcoholic beverage barrel are
connected together by soldering. The gas storage tank and
the alcoholic beverage barrel are connected together by
soldering to be one-piece and constitute the inner container.

A top of the alcoholic beverage barrel 1s provided with an
alcoholic beverage barrel opening. A gas storage tank open-
ing 1s provided above the gas storage tank. A position
relationship between the gas storage tank and the alcoholic
beverage barrel 1s that a portion of an outer surface of an
upper portion of the alcoholic beverage barrel forms a
bottom surface of the gas storage tank. In an embodiment,
the alcoholic beverage barrel has a dual-cone cylindrical
shape.

The control system comprises a connecting post, a con-
necting tube, a wine spear seat, a dispenser, a wine spear, and
a wine tube. The connecting post 1s disposed on the gas
storage tank opening. The connecting post 1s provided with
an inflating valve core for inflating the gas storage tank, a
safety valve for automatically decompressing the gas storage
tank and a relief valve for reducing the pressure of the gas
output from the gas storage tank to a desired pressure. An
outlet end of the relief valve 1s provided with a check valve
A for triggering activation.

One end of the connecting tube 1s connected to the check
valve A of the relief valve. Another end of the connecting,
tube 1s connected to the dispenser. The end of the connecting,
tube, connected to the relief valve, 1s provided with a relief
valve contact pin for opening the check valve A at the outlet
end of the relief valve. When the check valve A 1s closed, the
gas from the gas storage tank 1s sealed 1n the relief valve.
When the check valve A 1s opened, the gas 1n the gas storage
tank flows out through the relief valve to enter the connect-
ing tube.

The end of the connecting tube, connected to the dis-
penser, 1s provided with a check valve B for triggering
activation. When the check valve B 1s closed, the gas passing
through the relief valve 1s sealed 1n the connecting tube.
When the check valve B 1s opened, the gas in the connecting
tube tlows out through the check valve B to enter the
dispenser.

The wine spear seat 1s disposed on the alcoholic beverage
barrel opening. The dispenser 1s installed above the wine
spear seat. The wine spear 1s installed below the wine spear
seat.

The dispenser 1s provided with a piston which triggers the
opening of the check valve B of the connecting tube and the
opening of the wine spear in the alcoholic beverage barrel,
and a press rod cam for controlling the piston to move up and
down.

In the aforesaid techmical solution, the connecting post 1s
fixed on the gas storage tank, used as a connecting carrier.
The relief valve 1s a pressure reducing valve with a certain
reduction ratio of the inlet pressure and the outlet pressure.

In the aforesaid technical solution, the wine spear 1s a
wine outlet valve installed in the alcoholic beverage barrel.
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The wine spear 1s a standard wine spear assembly, which
cooperates with other components to realize that the gas 1n
the gas storage tank 1s injected into the alcoholic beverage
barrel for the alcoholic beverage to flow out. The standard
wine spear assembly can be purchased in the market. The
advantage of using a standard wine spear assembly is that
the alcoholic beverage barrel can be cleaned and disinfected
by using standard washing equipment before filling the
liguid beverage, and the alcoholic beverage barrel can be
filled with the liquid beverage by using a standard filling
machine and can be sealed after filling.

In the aforesaid technical solution, before filling the gas,
the connecting tube 1s not installed on the fresh-keeping
barrel of the present invention. The gas storage tank 1s filled
with the gas through the inflating valve core on the con-
necting post. In the process of filling the gas, the setting of
the safety valve can play the role of pressure limit and
anti-explosion.

After the gas filling 1s completed, the check valve A 1s
provided at the outlet end of the relief valve so that the filled
gas can be blocked 1n the relief valve. After the gas filling
1s completed, the connecting tube 1s installed. Firstly, the
connecting tube 1s connected with the relief valve. Because
one end of the connecting tube, connected with the relief
valve, 1s provided with the relief valve contact pin, the relief
valve contact pin just opens the check valve A when con-
nected, such that the gas in the gas storage tank enters the
connecting tube through the relief valve. Since the other end
of the connecting tube 1s not provided with the check valve
B, the gas entering the connecting tube through the relief
valve 1s blocked 1n the check valve B. Then, one end of the
connecting tube, having the check valve B, 1s connected to
the dispenser. The stroke of the piston 1s controlled by the
movement of the cam of the press rod. When the piston
moves to a certain position, the piston of the dispenser
touches and opens the check valve B of the connecting tube
so that the gas 1n the gas storage tank enters the dispenser
through the check valve B and enters the alcoholic beverage
barrel. When the pressure in the alcoholic beverage barrel
continues to increase, the wine 1s pressurized to flow out
from the liquid outlet end of the dispenser.

The relief valve includes a relief valve seat, a relief valve
core and a reliel valve bonnet which are sequentially
arranged along an inlet end toward the outlet end thereof.
The relietf valve bonnet 1s provided with a relief valve outlet
hole and an open cavity facing the outlet end. The open
cavity 1s configured to receive the end having the relief valve
contact pin of the connecting tube. The check valve A
includes a check valve body A. The nside of the check valve
body A 1s provided with a check valve core A for closing or
opening the outlet hole and a check valve return spring A for
returning the check valve core A. The check valve core A has
a force action portion A to which a force can be applied.

When the relief valve 1s mounted on the connecting post
and the force action portion A 1s 1n a free state without being
applied with a force, and the check valve core A 1s 1n contact
with the relief valve outlet hole so that the gas 1n the gas
storage tank 1s sealed 1n the relief valve.

When the end having the relief valve contact pin of the
connecting tube 1s inserted into the open cavity for the
connecting tube to be connected with the relief valve, the
relief valve contact pin of the connecting tube applies a force
to the force action portion A 1n the direction from the outlet
end toward the inlet end of the relief valve. The check valve
core A 1s disengaged from the relief valve outlet hole so that
the relief valve outlet hole 1s opened. At this time, the check
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valve A 1s opened, the high-pressure gas 1n the gas storage
tank flows through the connecting post and the relief valve
to the connecting tube.

The check valve core A includes a sealing gasket, a top
rod, and a check valve shutter body. The check valve shutter
body 1s 1n the form of a stepped cylindrical structure and 1s
provided with a small-diameter trough and a large-diameter
annular trough. The top rod 1s inserted into the small-
diameter trough after passing through a central hole of the
sealing gasket. One end face of the sealing gasket 1s fixed 1n
the large-diameter annular trough, and another end face 1s in
contact with the relief valve outlet hole.

The check valve return spring A 1s sleeved on an outer
periphery of the check valve core A. One end of the check
valve return spring A abuts against an 1nner bottom surface
of the check valve body A, and another end abuts against a
stepped outer periphery of the check valve shutter body.

The top rod of the check valve core A includes a head
portion and a rod portion. The head portion of the top rod 1s
raised to form the force action portion A. The head portion
of the top rod passes through the relief valve outlet hole of
the relief valve bonnet. The force action portion A extends
out of an outer side of the relief valve bonnet.

The relief valve 1s a proportional relietf valve.

The connecting tube is a stainless steel bellow.

The end of the connecting tube, connected with the
dispenser, 1s provided with a connecting tube outlet hole.
The check valve body B 1s provided with a check valve core
B therein for closing or opening the connecting tube outlet
hole, and a check valve return spring B for returning the
check valve core B.

The check valve core B 1s to contact and seal against the
connecting tube outlet hole and has a force action portion B.
When a force 1s applied to the force action portion B of the
check valve core B, the check valve return spring B 1is
compressed, the check valve core B 1s disengaged from the
connecting tube outlet hole to open the connecting tube
outlet hole.

The integrated alcoholic beverage fresh-keeping barrel
system further comprises a first clamping hoop for fixing the
connecting tube and the relief valve together and a second
clamping hoop for fixing the connecting tube and the
dispenser together.

The structure of the check valve core A 1s the same as that
of the check valve core B.

The dispenser includes an operating device, a wine tube
connecting seat and a dispenser shait which are sequentially
arranged from top to bottom. The dispenser further includes
a dispenser seat surrounding the dispenser shait. The wine
tube connecting seat and the dispenser shait constitute the
piston of the dispenser.

The dispenser seat 1s provided with an intake end. The
check valve B of the connecting tube 1s inserted into the
intake end. The dispenser shaift 1s axially movably disposed
along the dispenser seat. The wine tube connecting seat
includes a horizontal portion and a longitudinal portion. The
longitudinal portion of the wine tube connecting seat is
connected to an upper end of the dispenser shaft. The
horizontal portion 1s formed with the liquid outlet end for
mounting the wine tube.

The dispenser shaft includes a dispenser shaift annular
groove disposed along an axial surface thereof and a dis-
penser shait longitudinal hole penetrating the dispenser
shaft. The dispenser shaft annular groove has a bevel end
face.

A bottom of the dispenser seat 1s provided with a dis-
penser seat sealing gasket. A lower end of the dispenser shaft
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1s provided with a dispenser shaft sealing gasket which 1s
synchronously moved along with the dispenser shatt.

The wine tube connecting seat 1s provided with a flow
passage communicated with the dispenser shaft longitudinal
hole and the liquid outlet end.

The operating device includes a press rod and a handle.
The dispenser seat extends upward to form a bracket. A head
end of the press rod 1s disposed on a top of the wine tube
connecting seat and 1s hinged to the bracket of the dispenser
seat. The head end of the press rod 1s provided with a cam
which 1s mated with and in contact with the top of the wine
tube connecting seat. When the cam 1s rotated, the cam
presses the wine tube connecting seat down.

A rear end of the press rod 1s rotatably connected to the
handle. The handle has a self-locking structure. When the
handle 1s 1n a seli-locking state, the handle and the press rod
are 1n a firm right angle state, and the force exerted by the
cam on the wine tube connecting seat 1s zero. When the
handle 1s rotated for the handle and the press rod to be rigidly
and linearly connected, the handle 1s pulled to drive the cam
of the press rod to rotate.

The rear end of the press rod 1s formed with a notch and
a counterbore step. The operating device further includes a
rotating pin and a spring. The handle includes a handle hole
provided with the spring. One end of the rotating pin 1s
hinged to the notch, and another end 1s inserted into the
spring and the handle hole. Two ends of the spring abut
against the handle hole and the rotating pin, respectively.
One end of the handle, located 1n the notch, 1s provided with
a handle boss engaged with the counterbore step.

In the aforesaid technical solution, the handle 1s a rotat-
able handle.

When the handle boss 1s embedded 1n the counterbore
step of the press rod, the handle and the cam of the press rod
are rigidly linearly connected. When the handle 1s pulled 1n
a direction away from the cam of the press rod, the handle
boss 1s disengaged from the counterbore step, and then the
handle 1s rotated downward to drive the rotating pin and the
handle boss to rotate about the notch. The handle boss 1s
biased by the spring to lean against the bottom of the press
rod. The handle 1s pressed against the end face of the
mounting seat of the dispenser to form a self-locking struc-
ture. At this time, the press rod 1s 1n a horizontal state. The
cam of the press rod maintains 1n a basic point state. A force
exerted by the cam of the press rod on the wine tube
connecting seat 1s zero. At this time, the pressure applied to
the piston 1s zero so the piston remains 1n the initial state.
The check valve B of the connecting tube 1s closed.

When the handle 1s pulled up to rotate, the rotating pin 1s
driven to rotate about the notch. After the rotating pin 1s
rotated to a certain angle, the handle boss 1s embedded in the
counterbore step of the press rod, so that the handle and the
cam of the press rod are rigidly linearly connected. At this
time, continuing to rotate the handle upward will drive the
press rod to rotate upward, meanwhile, the cam of the press
rod will rotate downward. During the downward rotation of
the cam, the cam 1s in contact with the top of the wine tube
connecting seat and presses the wine tube connecting seat,
thereby driving the piston to move downward. When the
cam rotates downward to the dead point, the dispenser shaft
opens the check valve B of the connecting tube, and the
liquid outlet channel of the wine spear 1s open. The gas from
the gas storage tank enters the alcoholic beverage barrel
through the check valve so that the liquid in the alcoholic
beverage barrel 1s pressurized to flow out to get wine and
beverage.
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In the integrated alcoholic beverage fresh-keeping barrel
system, the wine tube comprises an mner tube and an outer
tube which are connected end to end. One end of the inner
tube 1s connected to the liquid outlet end of the wine tube
connecting seat. The end of the mner tube, connected to the
wine tube connecting seat, 1s placed horizontally. The end of
the 1mner tube, close to the wine tube connecting seat, 1s
provided with an expanding step and an O-shaped ring. The
iner tube and the wine tube connecting seat are rotatably
connected through a nut. Another end of the inner tube has
an 1nner tube bending end bent by 90 degrees. Another end
of the outer tube has an outer tube bending end bent by 90
degrees. The outer tube bending end 1s imserted 1nto the inner
tube bending end and rotatably connected through a nut. A
portion of the outer tube, inserted into the mner tube, 1s
provided with the expanding step and the O-shaped ring.
Another end of the outer tube 1s a wine outlet.

In the aforesaid technical solution, both the inner tube and

the outer tube of the wine tube can be rotated. Therefore,
when the wine 1s not required, the outer tube can be rotated
toward the center of the fresh-keeping barrel, so that the
wine tube can be collected above the fresh-keeping barrel
and sealed 1n the sealed spaced with the cover to be
protected and carried conveniently.

Compared with the prior art, the present invention has the
following beneficial efiects:

The cover of the present mnvention can be screwed with
the upper opening of the housing to seal and protect the
internal components (the valve core, the dispenser, etc.). The
cover can also be screwed with the base of the housing to
form an 1ce cube storage area to store 1ce cubes for cooling
and thermal 1nsulation, thereby ensuring the taste and tlavor
of the alcoholic beverage.

The connecting post of the present invention 1s used as a
connecting carrier and installed with the inflating valve core,
the safety valve for pressure limit and anti-explosion and the
relief valve. On the one hand, the satety valve ensures that
the 1nternal pressure of the gas storage tank 1s 1n a safe range
during the gas filling and after the gas filling; on the other
hand, the relief valve reduces the gas pressure to a preset
value 1n proportion, thereby ensuring the safety and the
normal operation for getting wine.

The wine outlet end of the dispenser of the present
invention 1s provided with the rotatable wine tube, the
foldable handle, the connecting tube check valve for trig-
gering, and the dispenser shait for opening the wine spear 1n
the alcoholic beverage barrel. The rotatable wine tube can be
casily stored above the gas storage tank, and the cover can
be used to seal the wine tube 1n the sealed space. The
toldable handle has a self-locking function, which can be 1n
a stable state. In this state, the handle and the press rod are
stable at a right angle, preventing the handle from being
touched and rotated accidentally. Therefore, the handle
won’t be operated or collided accidentally during transpor-
tation to cause the outflow of wine.

In the present invention, the carbon dioxide gas storage
tank 1s connected with the dispenser of the alcoholic bev-
crage barrel through the relief valve. When the dispenser 1s
opened, the carbon dioxide 1s filled mto the alcoholic
beverage barrel to discharge the wine for drinking 1mmedi-
ately.

The present invention may be widely applied to various
parties, sports competitions, catering, banquet, outdoor tour-

ism, and other places.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view of the integrated alcoholic
beverage fresh-keeping barrel 1n a non-working state of the
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present invention (the dispenser 1s 1n a self-locking state, the
wine tube 1s 1n an unfolded state, and the cover 1s connected
to the base);

FIG. 2 1s a perspective view of the integrated alcoholic
beverage fresh-keeping barrel 1n a non-working state of the

present invention (the dispenser 1s 1n a self-locking state, the
wine tube 1s 1n a folded state, and the cover 1s connected to

the base);

FIG. 3 1s a top view of FIG. 1;

FIG. 4 1s a sectional view taken along line A-A of FIG. 3;

FIG. 5 1s a sectional view taken along line B-B of FIG. 3;

FIG. 6 1s a partial enlarged view of FIG. 5§ (showing the
relationship between the dispenser and the connecting tube,
non-working);

FIG. 7 1s a partial enlarged view taken along line C-C of
FIG. 3 (showing the relationship between the connecting
tube, the relief valve and the connecting post);

FIG. 8 1s a perspective view of the present invention 1n a
working state (the handle and the press rod are rigidly and
linearly connected, the wine tube 1s 1n an unfolded state, and
the cover 1s connected to the base);

FIG. 9 1s a top view of FIG. 8;
FIG. 10 1s a sectional view taken along line A-A of FIG.

9.

FIG. 11 1s a sectional view taken along line B-B of FIG.
9.

FIG. 12 1s a partial enlarged view of FIG. 11;

FIG. 13 1s a schematic view of the connecting tube of the
present 1nvention;

FIG. 14 1s a schematic view of the relief valve of the
present 1nvention;

FIG. 15 and FIG. 16 are schematic views of the dispenser
of the present invention;

FIG. 17 1s a schematic view of the wine tube of the present
invention (the wine tube 1s 1n an unfolded state);

FIG. 18 1s a partial enlarged view of FIG. 4; and

FIG. 19 1s a partial enlarged view of FIG. 10.

In the figures, the respective reference numerals of the
corresponding parts are: (1) housing; (1001) base; (1002)
cover; (2) gas storage tank; (2001) gas storage tank opening;
(3) alcoholic beverage barrel; (3001) alcoholic beverage
barrel opening; (5) connecting post; (3001) mflating valve
core; (5002) satety valve; (6) connecting tube; (6001) relief
valve contact pin; (6002) check valve B; (6005) connecting
tube outlet hole; (6007) check valve core B; (6008) check
valve return spring B; (6009) force action portion B; (6017)
first clamping loop; (6021) second clamping loop; (7) relief
valve; (7001) check valve A; (7002) relief valve seat; (7003 )
reliefl valve core; (7004) reliel valve bonnet; (7005) relief
valve outlet hole; (7006) open cavity; (7027) valve sealing
gasket; (7061) check valve body A; (7062) force action
portion A; (7063) check valve core A; (7064) check valve
return spring A; (7065) sealing gasket; (7066) top rod;
(7067) check valve shutter body; (7068) small-diameter
trough; (7069) large-diameter annular trough; (8) dispenser;
(8016) operating device; (8014) wine tube connecting seat;
(8015) dispenser shaft; (8005) dispenser seat; (8006) intake
end; (8007) liquid outlet end; (8012) dispenser shaft annular
groove; (8013) dispenser shaft longitudinal hole; (8027)
dispenser seat sealing gasket; (8028) dispenser shaft sealing
gasket; (8017) press rod; (8018) handle; (8019) cam; (8020)
notch; (8021) counterbore step; (8022) rotating pin; (8023)
spring; (8024) handle hole; (8025) handle boss; (9) wine
spear; (930) wine spear top block; (931) wine spear intake
sealing gasket; (932) internal tube spring; (933) internal
tube; (934) external tube spring; (935) external tube; (10)
wine tube; (1045) mner tube; (1046) outer tube; (1047)
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expanding step; (1048) O-shaped ring; (1049) nut; (1050)
nut; (1051) wine outlet; (11) wine spear seat

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In order to understand the present invention, embodi-
ments of the present invention will now be described, by
way ol example only, with reference to the accompanying,
drawings. It should be understood that these embodiments
are only for further description of the present invention, and
are not intended to limit the scope of the present invention.
In addition, 1t should be understood that, after reading the
description of the present invention, those skilled 1n the art
make some non-essential modifications or adjustments to the
present 1nvention, which still falls within the protection
scope of the present mnvention.

First Embodiment

As shown 1n FIG. 1 to FIG. 12, an integrated alcoholic
beverage fresh-keeping barrel system comprises a housing 1
and an 1nner container wrapped by the housing 1. The 1mnner
container 1s divided into two layers, and comprises a gas
storage tank 2 located at the upper layer for storing a gas and
an alcoholic beverage barrel 3 located at the lower layer for
storing a liquid beverage. The gas storage tank and the
alcoholic beverage barrel are coaxially arranged one above
the other, and are connected by soldering to be one-piece.

Two sides of the housing are provided with armrest
recesses 13, which 1s convenient for the operator to carry.
The side wall of the housing 1 may be provided with a
plurality of anti-overtlow holes 12 for wine overtlow.

A base 1001 1s formed below the housing 1. The alcoholic
beverage Iresh-keeping barrel system further includes a
cover 1002. The upper part of the cover may be provided
with ribs for gripping conveniently.

An upper end of the housing 1 1s provided with a thread
for mating and connecting with the cover 1002. A lower end
of the base 1001 1s also provided with a thread for mating
and connecting with the cover 1002. When the cover 1002
1s mated and connected with the housing 1, a sealed space
1s formed between the cover 1002 and the container and
located above the gas storage tank 2. When the cover 1002
1s mated and connected with the base 1001, a sealed space
1s formed between the cover 1002 and the container and
located beneath the alcoholic beverage barrel 3.

The top of the alcoholic beverage barrel 3 1s provided with
an alcoholic beverage barrel opening 3001. A gas storage
tank opening 2001 1s provided above the gas storage tank 2.
The position relationship between the gas storage tank 2 and
the alcoholic beverage barrel 3 1s that a portion of an outer
surface of an upper portion of the alcoholic beverage barrel
forms a bottom surface of the gas storage tank.

The control system comprises a connecting post S5, a
connecting tube 6, a wine spear seat 11, a dispenser 8, a wine
spear 9, and a wine tube 10.

The connecting post 5 1s disposed on the gas storage tank
opening 2001. The connecting post 35 1s provided with an
inflating valve core 5001 for inflating the gas storage tank 2,
a safety valve 5002 for automatically decompressing the gas
storage tank 2, and a relief valve 7 for reducing the pressure
of the gas output from the gas storage tank 2 to a desired
pressure. An outlet end of the relief valve 7 1s provided with
a check valve A7001 for triggering activation.

As shown 1 FIG. 13, one end of the connecting tube 6 1s
connected to the check valve A7001 of the relief valve, and
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another end of the connecting tube 6 1s connected to the
dispenser 8. The end of the connecting tube 6, connected to
the reliet valve 7, 1s provided with a relief valve contact pin
6001 for opening the check valve A7001 at the outlet end of
the relietf valve. When the check valve A7001 1s closed, the
gas from the gas storage tank 2 1s sealed 1n the relief valve
7. When the check valve A7001 1s opened, the gas in the gas
storage tank 2 flows out through the relief valve 7 to enter
the connecting tube.

The end of the connecting tube 6, connected to the
dispenser 8, 1s provided with a check valve B6002 for
triggering activation. When the check valve B 1s closed, the
gas passing through the relief valve 1s sealed 1n the con-
necting tube 6. When the check valve B 1s opened, the gas
in the connecting tube flows out through the check valve B
to enter the dispenser.

The wine spear seat 11 1s disposed on the alcoholic
beverage barrel opening 3001. The dispenser 8 is installed
above the wine spear seat 11, and the wine spear 9 1is
installed below the wine spear seat 11.

The dispenser 8 1s provided with a piston which triggers
the opening of the check valve B6002 of the connecting tube
and the opening of the wine spear 9 in the alcoholic beverage
barrel, and a press rod 8017 for controlling the piston to
move up and down.

As shown 1n FIG. 14, 1n a specific embodiment, the relief
valve 7 includes a relief valve seat 7002, a relief valve core
7003 and a relief valve bonnet 7004 which are sequentially
arranged along the 1nlet end toward the outlet end. The relief
valve bonnet 7004 1s provided with a relief valve outlet hole
7005 and an open cavity 7006 facing the outlet end. The
open cavity 7006 1s configured to receive the end having the
relief valve contact pin 6001 of the connecting tube 6. The
check valve A7001 includes a check valve body A7061. The
inside of the check valve body A 1s provided with a check
valve core A7063 for closing or opening the outlet hole and
a check valve return spring A7064 for returning the check
valve core A7063. The check valve core A7063 has a force
action portion A7062 to which a force can be applied. A
valve sealing gasket 7027 1s provided at the end of the relief
valve core 7003. The valve sealing gasket can seal the gas
inlet of the relief valve. When the relief valve load increases
beyond a certain value, the valve sealing gasket 7027 seals
the gas inlet of the relief valve. When the relief valve load
1s lowered, the valve sealing gasket 7027 1s moved away
from the 1nlet end of the relief valve by the relief valve return
spring, thereby opening the gas inlet of the relief valve.

When the relief valve 7 1s mounted on the connecting post
5 and the force action portion A7062 1s 1n a free state without
being applied with a force, and the check valve core A7063
1s 1n contact with the relief valve outlet hole 7003 so that the
gas 1n the gas storage tank 2 1s sealed 1n the relief valve 7.

When the end having the relief valve contact pin 6001 of
the connecting tube 6 1s inserted into the open cavity 7006
for the connecting tube 6 to be connected with the relief
valve 7, the reliet valve contact pin 6001 of the connecting
tube 6 applies a force to the force action portion A7062 in
the direction from the outlet end of the relief valve toward
the inlet end of the relief valve. The check valve core A7063
1s disengaged from the relief valve outlet hole 7005 so that
the relief valve outlet hole 7005 1s opened. At this time, the
check valve A7001 1s opened, the high-pressure gas in the
gas storage tank 2 flows through the connecting post 3 and
the relief valve 7 to the connecting tube 6.

The check valve core A7063 includes a sealing gasket
7065, a top rod 7066, and a check valve shutter body 7067.
The check valve shutter body 7067 1s in the form of a
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stepped cylindrical structure and 1s provided with a small-
diameter trough 7068 and a large-diameter annular trough
7069. The top rod 7066 1s mserted nto the small-diameter
trough 7068 after passing through a central hole of the
sealing gasket 7065. One end face of the sealing gasket 7065
1s fixed in the large-diameter annular trough 7069, and

another end face of the sealing gasket 70635 1s 1n contact with
the relief valve outlet hole 7005.

The check valve return spring A7064 i1s sleeved on an
outer periphery of the check valve core A7063. One end of
the check valve return spring A7064 abuts against an inner
bottom surface of the check valve body A7061, and another
end abuts against a stepped outer periphery of the check
valve shutter body 7067.

The top rod 7066 of the check valve core A includes a
head portion and a rod portion. The head portion of the top
rod 1s raised to form the force action portion A7062. The

head portion of the top rod passes through the relief valve
outlet hole 7005 of the relief valve bonnet 7004. The force
action portion A7062 extends out of an outer side of the
reliel valve bonnet 7004.

The end connected with the dispenser of the connecting
tube 6 1s provided with a connecting tube outlet hole 6005.
The check valve body B6002 1s provided with a check valve
core B6007 therein for closing or opening the connecting
tube outlet hole and a check valve return spring B6008 for
returning the check valve core B6007.

The check valve core B6007 1s in contact with the
connecting tube outlet hole 6005 and has a force action
portion B6009. When a force 1s applied to the force action
portion B6009 of the check valve core B6007, the check
valve return spring B6008 1s compressed. The check valve
core B6007 1s disengaged from the connecting tube outlet
hole 6005 to open the connecting tube outlet hole 6005.

The fresh-keeping barrel system of the present invention
turther comprises a first clamping hoop 6017 for fixing the
connecting tube 6 and the relietf valve 7 together and a
second clamping hoop 6021 for fixing the connecting tube 6
and the dispenser 8 together.

The structure of the check valve core A 1s the same as that
of the check valve core B.

As shown in FIG. 15 and FIG. 16, the dispenser 8 includes
an operating device 8016, a wine tube connecting seat 8014,
and a dispenser shait 8015 which are sequentially arranged
from top to bottom. The dispenser further includes a dis-
penser seat 8005 surrounding the dispenser shaft 8015.

The dispenser seat 8005 1s provided with an intake end
8006. The check valve B6002 of the connecting tube 6 1s just
inserted into the itake end 8006. The dispenser shaft 80135
1s axially movably disposed along the dispenser seat 8005.
The wine tube connecting seat 8014 includes a horizontal
portion and a longitudinal portion. The longitudinal portion
of the wine tube connecting seat 8014 1s connected to an
upper end of the dispenser shaft 8015. The horizontal
portion 1s formed with a liguid outlet end 8007 for mounting
a wine tube 10.

The dispenser shait 8015 includes a dispenser shaft annu-
lar groove 8012 disposed along an axial surface and a
dispenser shaft longitudinal hole 8013 penetrating the dis-
penser shait 8015. The dispenser shait annular groove 8012
has a bevel end face.

The bottom of the dispenser seat 8003 1s provided with a
dispenser seat sealing gasket 8027. A lower end of the
dispenser shaft 8015 1s provided with a dispenser shaft
sealing gasket 8028 which 1s synchronously moved along
with the dispenser shaft.
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The wine tube connecting seat 8014 1s provided with a
flow passage communicated with the dispenser shaft longi-

tudinal hole 8013 and the liqud outlet end 8007.

The operating device 8016 includes a press rod 8017 and
a handle 8018. The dispenser seat 8005 extends upward to
form a bracket. A head end of the press rod 8017 1s disposed
on the top of the wine tube connecting seat 8014 and 1is
hinged to the bracket of the dispenser seat 8005. The head
end of the press rod 8017 1s provided with a cam 8019 which
1s mated with and 1n contact with the top of the wine tube
connecting seat 8014. When the cam 8019 is rotated, the
cam 8019 presses the wine tube connecting seat 8014 down.

A rear end of the press rod 8017 1s rotatably connected to
the handle 8018. The handle 8018 has a self-locking struc-

ture. When the handle 8018 1s 1 a seli-locking state, the
handle and the press rod are 1n a firm right angle state and
the force exerted by the cam on the wine tube connecting

seat 8014 1s zero. When the handle 8018 1s rotated for the
handle 8018 and the press rod 8017 to be rigidly and linearly
connected, the handle 8018 1s pulled to drive the cam 8019
to rotate.

The rear end of the press rod 8017 1s formed with a notch
8020 and a counterbore step 8021. The operating device
8016 turther includes a rotating pin 8022 and a spring 8023.
The handle 8018 1ncludes a handle hole 8024 provided with
the spring 8023. One end of the rotating pin 8022 1s hinged
to the notch 8020, and another end 1s inserted 1nto the spring
8023 and the handle hole 8024. Two ends of the spring 8023
abut against the handle hole 8024 and the rotating pin 8022,
respectively. One end of the handle 8018, located in the
notch 8020, 1s provided with a handle boss 80235 engaged
with the counterbore step 8021.

The wine tube 10 1s 1nstalled at the liquid outlet end 8007
of the wine tube connecting seat 8014 and communicates
with the longitudinal hole of the dispenser shait 8015. As
shown in FIG. 17, the wine tube comprises an inner tube
1045 and an outer tube 1046 which are connected end to end.
One end of the mner tube 1s connected to the liquid outlet
end 8007 of the wine tube connecting seat 8014. The end of
the mner tube, connected to the wine tube connecting seat
8014, 1s placed horizontally. The end of the mner tube, close
to the wine tube connecting seat 8014, 1s provided with an
expanding step 1047 and an O-shaped ring 1048. The 1nner
tube 1045 and the wine tube connecting secat 8014 are
rotatably connected through a nut 1049. Another end of the
inner tube 10435 has an inner tube bending end bent by 90
degrees. One end of the outer tube has an outer tube bending
end bent by 90 degrees. The outer tube bending end 1is
inserted into the mmmer tube bending end and rotatably
connected through a nut 1050. A portion of the outer tube,
inserted into the inner tube, 1s provided with the expanding
step 1047 and the O-shaped ring 1048. Another end of the
outer tube 1046 1s a wine outlet 1051.

In one embodiment of the present invention, the wine
spear comprises a wine spear top block 930, a wine spear
intake sealing gasket 931, and an internal tube spring 932, an
internal tube 933, an external tube spring 934 and an
external tube 935 which are arranged from the inside out.
The external tube 935 1s communicated with the wine spear
seat 11. The wine spear top block 930 and the wine spear
intake sealing gasket 931 are disposed at the top of the
internal tube 933. The bottom of the wine spear top block
930 15 connected to the internal tube spring 932. The top of
the wine spear top block 930 1s moved upward by the
internal tube spring 932 to seal the wine spear intake sealing
gasket 931. The external tube spring 934 drives the internal
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tube 933 to move upward to seal the wine spear intake
sealing gasket 31 with the external tube 935.

The self-locking non-working state of the dispenser 1s
described below. When the handle 1s pulled 1n a direction
away Irom the cam 8019 of the press rod, the handle boss
8025 1s disengaged from the counterbore step 8021, and then
the handle 1s rotated downward to drive the rotating pin and
the handle boss to rotate about the notch. The handle boss 1s
biased by the spring to lean against the bottom of the press
rod. The handle 1s pressed against the end face of the
mounting seat of the dispenser to form a self-locking struc-
ture. At this time, the press rod 1s 1n a horizontal state. The
handle 1s perpendicular to the press rod. The cam of the press
rod maintains in a basic point state. A force exerted by the
cam of the press rod on the wine tube connecting seat 1s zero.
At this time, the dispenser shaft 1s 1in the initial state, and the
dispenser shait does not contact the check valve B of the
connecting tube. Therefore, the check valve B of the con-
necting tube 1s closed and the gas in the gas storage tank 1s
sealed 1n the check valve B of the connecting tube. As shown
in FIG. 18, the wine spear intake sealing gasket 931 1s to
contact and seal against the wine spear top block 930, while
the wine spear 1ntake sealing gasket 931 1s to contact and
seal against the external tube 935.

The working state of the dispenser 1s described below.
When the handle 1s pulled up to rotate, the rotating pin 1s
driven to rotate about the notch. After the rotating pin 1s
rotated to a certain angle, the handle boss 1s embedded 1n the
counterbore step of the press rod, so that the handle and the
cam of the press rod are rigidly linearly connected. At this
time, continuing to rotate the handle upward will drive the
press rod to rotate upward, meanwhile, the cam of the press
rod will rotate downward. During the downward rotation of
the cam, the cam 1s 1n contact with the top of the wine tube
connecting seat and presses the wine tube connecting seat,
thereby drniving the dispenser shaft to move downward.
When the cam rotates downward to the dead point and the
dispenser shaft moves downward a certain distance, a force
1s applied to the check valve B through the side wall of the
dispenser shaft to open the check valve B6002 of the
connecting tube, meanwhile, the lower end of the dispenser
shaft pushes the wine spear top block 930 and the wine spear
intake sealing gasket 931 so that the wine spear intake
sealing gasket 931 1s disengaged from the wine spear top
block 930 and the wine spear intake sealing gasket 931 1s
disengaged from the external tube 935. At this time, both the
gas channel and the outtlow liquid channel are open. As
shown 1n FIG. 19, the gas may pass through the gap between
the external tube and the wine spear intake sealing gasket
931, and the liquid may pass through the gap between the
wine spear intake sealing gasket 931 and the wine spear top
block 930. The gas from the gas storage tank enters the
alcoholic beverage barrel through the relief valve so that the
liquid 1n the alcoholic beverage barrel 1s pressurized to tlow
out from the gap between the wine spear top block and the
wine spear intake sealing gasket to get alcoholic beverage.

Although particular embodiments of the present invention
have been described 1n detail for purposes of illustration,
various modifications and enhancements may be made with-
out departing from the spirit and scope of the present
invention. Accordingly, the present invention 1s not to be
limited except as by the appended claims.

What 1s claimed 1s:

1. An integrated alcoholic beverage fresh-keeping barrel
system, characterized in that: the integrated alcoholic bev-
crage Iresh-keeping barrel system comprises a housing (1)
and an 1nner container wrapped by the housing (1), the inner
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container 1s divided into two layers, comprising a gas
storage tank (2) located at an upper layer for storing a gas
and an alcoholic beverage barrel (3) located at a lower layer
for storing a liquid beverage; the gas storage tank (2) and the
alcoholic beverage barrel (3) are coaxially arranged one
above the other;

a gas channel that can be opened and closed 1s provided
between the gas storage tank (2) and the alcoholic
beverage barrel (3); the alcoholic beverage barrel (3) 1s
provided with a liquid outlet end and an outtlow liquid
channel for opening and closing the liquid outlet end;
a control system 1s provided above the gas storage tank;
the control system controls the opening and closing of
the gas channel and performs linkage control on the
opening and closing of the outtlow liquid channel;

wherein the control system 1s provided with an actuating
member for performing an action, the actuating ele-
ment has a self-locking structure, when the actuating
clement 1s 1n a self-locking state, the gas channel 1s
disconnected and the outflow liquid channel 1s closed;

when a first action 1s performed on the control system, the
gas channel 1s connected and the outtlow liquid channel
1s open and the gas storage tank (2) pressurizes the
alcoholic beverage barrel (3); when the alcoholic bev-
erage barrel (3) reaches a certain pressure, the liquid 1n
the alcoholic beverage barrel tlows out from the liquid
outlet end;

when a second action 1s performed on the control system,
the gas channel 1s disconnected and the outflow liquid
channel 1s closed;

when a third action 1s performed on the control system,
the control system 1s 1 a selif-locking state, the gas
channel 1s disconnected and the outflow liquid channel
1s closed.

2. The itegrated alcoholic beverage fresh-keeping barrel
system as claimed 1n claim 1, wherein a base (1001) 1s
tformed below the housing (1); the alcoholic beverage fresh-
keeping barrel system further comprises a cover (1002),

an upper end of the housing (1) 1s provided with a feature
connecting portion for mating and connecting with the
cover (1002), a lower end of the base (1001) 1s pro-
vided with another feature connecting portion for mat-
ing and connecting with the cover (1002);

when the cover (1002) 1s mated and connected with the
housing (1), a sealed space 1s formed between the cover
(1002) and the container and located above the gas
storage tank (2);

when the cover (1002) 1s mated and connected with the
base (1001), another sealed space 1s formed between
the cover (1002) and the container and located beneath
the alcoholic beverage barrel (3).

3. The integrated alcoholic beverage fresh-keeping barrel
system as claimed 1n claim 1, wherein the gas storage tank
(2) and the alcoholic beverage barrel (3) are connected
together by soldering.

4. The integrated alcoholic beverage fresh-keeping barrel
system as claimed 1n claim 3, wherein a top of the alcoholic
beverage barrel (3) 1s provided with an alcoholic beverage
barrel opening (3001); a gas storage tank opening (2001) 1s
provided above the gas storage tank (2); a position relation-
ship between the gas storage tank (2) and the alcoholic
beverage barrel (3) 1s that a portion of an outer surface of an
upper portion ol the alcoholic beverage barrel forms a
bottom surface of the gas storage tank.

5. The itegrated alcoholic beverage fresh-keeping barrel
system as claimed in claim 4, wherein the control system
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comprises a connecting post (5), a connecting tube (6), a
wine spear seat (11), a dispenser (8), a wine spear (9), and
a wine tube (10);
the connecting post (5) 1s disposed on the gas storage tank
opening (2001), the connecting post (5) 1s provided
with an 1nflating valve core (5001) for inflating the gas
storage tank (2), a safety valve (5002) for automatically
decompressing the gas storage tank (2) and a relief
valve (7) for reducing the pressure of the gas output
from the gas storage tank (2) to a desired pressure; an
outlet end of the reliet valve (7) 1s provided with a
check valve A(7001) for triggering activation;
one end of the connecting tube (6) 1s connected to the
check valve A(7001) of the relief valve, another end of
the connecting tube (6) 1s connected to the dispenser
(8); the end of the connecting tube (6), connected to the
relief valve (7), 1s provided with a relief valve contact
pin (6001) for opening the check valve A(7001) at the
outlet end of the relief valve, when the check valve
A(7001) 1s closed, the gas from the gas storage tank (2)
1s sealed 1n the relief valve (7), when the check valve
A(7001) 1s opened, the gas 1n the gas storage tank (2)
flows out through the relief valve (7) to enter the
connecting tube;
the end of the connecting tube (6), connected to the
dispenser (8), 1s provided with a check valve B(6002)
for triggering activation; when the check valve B 1s
closed, the gas passing through the relief valve 1s sealed
in the connecting tube (6), when the check valve B 1s
opened, the gas i the connecting tube flows out
through the check valve B to enter the dispenser;
the wine spear seat (11) 1s disposed on the alcoholic
beverage barrel opening (3001), the dispenser (8) 1s
installed above the wine spear seat (11), the wine spear
(9) 15 1nstalled below the wine spear seat (11);

the dispenser (8) 1s provided with a piston which triggers
the opening of the check valve B(6002) of the con-
necting tube and the opening of the wine spear (9) in
the alcoholic beverage barrel and a press rod (8017) for
controlling the piston to move up and down.

6. The integrated alcoholic beverage fresh-keeping barrel
system as claimed 1n claim 5, wherein the relief valve (7)
includes a reliet valve seat (7002), a reliet valve core (7003)
and a relief valve bonnet (7004) which are sequentially
arranged along an inlet end toward the outlet end thereot, the
reliel valve bonnet (7004) 1s provided with a relief valve
outlet hole (7005) and an open cavity (7006) facing the
outlet end, the open cavity (7006) 1s configured to receive
the end having the relief valve contact pin (6001) of the
connecting tube (6); the check valve A(7001) includes a
check valve body A(7061); an 1nside of the check valve body
A 1s provided with a check valve core A(7063) for closing

or opening the outlet hole and a check valve return spring
A(7064) for returning the check valve core A(7063), the

check valve core A(7063) has a force action portion A(7062)
to which a force can be applied;
when the relief valve (7) 1s mounted on the connecting
post (5) and the force action portion A(7062) 1s 1n a {ree
state without being applied with a force, and the check
valve core A(7063) 1s 1n contact with the relief valve
outlet hole (70035) so that the gas 1n the gas storage tank
(2) 15 sealed 1n the reliet valve (7);
when the end having the relietf valve contact pin (6001) of
the connecting tube (6) 1s inserted into the open cavity
(7006) for the connecting tube (6) to be connected with
the reliet valve (7), the relief valve contact pin (6001)
of the connecting tube (6) applies a force to the force
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action portion A(7062) 1n the direction from the outlet
end toward the inlet end of the reliet valve, the check
valve core A(7063) 1s disengaged from the relief valve
outlet hole (7005) so that the relief valve outlet hole
(7005) 1s opened; the check valve A(7001) 1s opened,

the high-pressure gas 1n the gas storage tank (2) flows
through the connecting post (5) and the relief valve (7)
to the connecting tube (6).

7. The itegrated alcoholic beverage fresh-keeping barrel

system as claimed 1n claim 6, wherein the check valve core
A(7063) includes a sealing gasket (7065), a top rod (7066),

and a check valve shutter body (7067); the check valve
shutter body (7067) 1s in the form of a stepped cylindrical
structure and 1s provided with a small-diameter trough
(7068) and a large-diameter annular trough (7069); the top
rod (7066) 1s 1nserted into the small-diameter trough (7068)
after passing through a central hole of the sealing gasket

(7065); one end face of the sealing gasket (7065) 1s fixed 1n

the large-diameter annular trough (7069), another end face
of the sealing gasket (7065) 1s in contact with the relief valve
outlet hole (7005);
the check valve return spring A(7064) 1s sleeved on an
outer periphery of the check valve core A(7063); one
end of the check valve return spring A(7064) abuts
against an inner bottom surface of the check valve body
A(7061), another end of the check valve return spring
A(7064) abuts against a stepped outer periphery of the
check valve shutter body (7067);
the top rod (7066) of the check valve core A includes a
head portion and a rod portion, the head portion of the
top rod 1s raised to form the force action portion
A(7062), the head portion of the top rod passes through
the reliel valve outlet hole (7005) of the relief valve
bonnet (7004), the force action portion A(7062)
extends out of an outer side of the relief valve bonnet
(7004).

8. The integrated alcoholic beverage fresh-keeping barrel
system as claimed in claim 7, wherein the end of the
connecting tube (6), connected with the dispenser, 1s pro-
vided with a connecting tube outlet hole (6005), the check
valve body B(6002) 1s provided with a check valve core
B(6007) therein for closing or opening the connecting tube
outlet hole and a check valve return spring B(6008) for
returning the check valve core B(6007);

the check valve core B(6007) 1s to contact and seal against

the connecting tube outlet hole (6005) and has a force
action portion B(6009); when a force 1s applied to the
force action portion B(6009) of the check valve core
B(6007), the check valve return spring B(6008) is
compressed, the check valve core B(6007) 1s disen-
gaged from the connecting tube outlet hole (6005) to
open the connecting tube outlet hole (6005).

9. The integrated alcoholic beverage fresh-keeping barrel
system as claimed i1n claim 7, further comprising a first
clamping hoop (6017) for fixing the connecting tube (6) and
the rehiet valve (7) together and a second clamping hoop
(6021) for fixing the connecting tube (6) and the dispenser
(8) together.

10. The integrated alcoholic beverage fresh-keeping bar-
rel system as claimed in claim 7, wherein the structure of the
check valve core A 1s the same as that of the check valve core
B.

11. The integrated alcoholic beverage fresh-keeping bar-
rel system as claimed in claim 8, wherein the dispenser (8)
includes an operating device (8016), a wine tube connecting
seat (8014) and a dispenser shait (8015) which are sequen-
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tially arranged from top to bottom, and the dispenser further
includes a dispenser seat (8005) surrounding the dispenser
shaft (8015).

12. The integrated alcoholic beverage fresh-keeping bar-
rel system as claimed in claim 11, wherein the dispenser seat
(8005) 1s provided with an intake end (8006); the check
valve B(6002) of the connecting tube (6) 1s inserted into the
intake end (8006); the dispenser shait (8015) 1s axaally
movably disposed along the dispenser seat (8005); the wine
tube connecting seat (8014) includes a horizontal portion
and a longitudinal portion, the longitudinal portion of the
wine tube connecting seat (8014) 1s connected to an upper
end of the dispenser shatt (8015), and the horizontal portion
1s formed with the liquid outlet end (8007) for mounting the
wine tube (10);

the dispenser shait (8015) includes a dispenser shaft
annular groove (8012) disposed along an axial surface
thereol and a dispenser shait longitudinal hole (8013)
penetrating the dispenser shaft (8015), the dispenser
shaft annular groove (8012) has a bevel end face;

a bottom of the dispenser seat (8005) 1s provided with a
dispenser seat sealing gasket (8027); a lower end of the
dispenser shait (8013) 1s provided with a dispenser
shaft sealing gasket (8028) which 1s synchronously
moved along with the dispenser shaft;

the wine tube connecting seat (8014) 1s provided with a
flow passage communicated with the dispenser shaft
longitudinal hole (8013) and the ligmd outlet end
(8007).

13. The mntegrated alcoholic beverage fresh-keeping bar-
rel system as claimed in claim 12, wherein the operating
device (8016) includes a press rod (8017) and a handle
(8018); the dispenser seat (8005) extends upward to form a
bracket; a head end of the press rod (8017) 1s disposed on a
top ol the wine tube connecting seat (8014) and 1s hinged to
the bracket of the dispenser seat (8003), the head end of the
press rod (8017) 1s provided with a cam (8019) which 1s
mated with and in contact with the top of the wine tube
connecting seat (8014); when the cam (8019) 1s rotated, the
cam (8019) presses the wine tube connecting seat (8014)
down.

14. The integrated alcoholic beverage fresh-keeping bar-
rel system as claimed in claim 13, wherein a rear end of the
press rod (8017) 1s rotatably connected to the handle (8018);

5

10

15

20

25

30

35

40

18

the handle (8018) has a seli-locking structure; when the
handle (8018) 1s 1n a self-locking state, the handle and the
press rod are 1n a firm right angle state, and the force exerted
by the cam on the wine tube connecting seat (8014) 1s zero;
when the handle (8018) 1s rotated for the handle (8018) and
the press rod (8017) to be rigidly and linearly connected, the
handle (8018) 1s pulled to drive the cam (8019) of the press
rod to rotate.

15. The mtegrated alcoholic beverage fresh-keeping bar-

rel system as claimed 1n claim 14, wherein the rear end of
the press rod (8017) 1s formed with a notch (8020) and a
counterbore step (8021), the operating device (8016) further
includes a rotating pin (8022) and a spring (8023); the
handle (8018) includes a handle hole (8024) provided with
the spring (8023); one end of the rotating pin (8022) 1s
hinged to the notch (8020), another end of the rotating pin
(8022) 1s 1nserted 1nto the spring (8023) and the handle hole
(8024), two ends of the spring (8023) abut against the handle
hole (8024) and the rotating pin (8022) respectively; one end
of the handle (8018), located 1n the notch (8020), 1s provided
with a handle boss (8025) engaged with the counterbore step
(8021).

16. The mtegrated alcoholic beverage fresh-keeping bar-
rel system as claimed in claim 15, wherein the wine tube
comprises an inner tube (1045) and an outer tube (1046)
which are connected end to end, one end of the inner tube
1s connected to the liquid outlet end (8007) of the wine tube
connecting seat (8014), the end of the 1nner tube, connected
to the wine tube connecting seat (8014), 1s placed horizon-
tally; the end of the inner tube, close to the wine tube
connecting seat (8014), 1s provided with an expanding step
(1047) and an O-shaped ring (1048), the inner tube (1045)
and the wine tube connecting secat (8014) are rotatably
connected through a nut (1049); another end of the nner
tube (1045) has an inner tube bending end bent by 90
degrees; another end of the outer tube has an outer tube
bending end bent by 90 degrees; the outer tube bending end
1s 1nserted into the mner tube bending end and rotatably
connected through a nut (1050); a portion of the outer tube,
inserted into the inner tube, 1s provided with the expanding
step (1047) and the O-shaped ring (1048); another end of the
outer tube (1046) 1s a wine outlet (1051).
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